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This experimental study examined if Problem based learning (PBL) is an 
effective teaching-learning method for Hong Kong secondary chemistry curriculum. It 
also investigated how an effective PBL Chemistry unit can be successfully developed 
and implemented in school. 
Improving students' understanding of chemical concepts and problem solving 
skills are two of the most important objectives of the current Hong Kong Secondary 4-5 
chemistry curriculum. However, previous studies revealed that many Hong Kong 
students learned chemistry superficially and had poor problem solving skills. 
One secondary four chemistry class of a local grammar school was involved in 
this study. 40 students were randomly divided into two groups. One group used PBL 
and served as the experimental group while another group used didactic instruction and 
served as the control group. Two secondary four chemistry topics, namely 'Redox' and 
'Electrolysis', were covered in the final phase of this study. Each topic lasted for 10 
sessions and each session lasted for 40 minutes. 
i 
There were four research questions in this study. The first research question 
aimed to find out the characteristics of an effective PBL unit in secondary school 
chemistry. Analyses of the PBL literature and the researcher's reflective journal 
revealed twelve important characteristics for the design and development of an effective 
PBL unit for secondary school chemistry: 1) the problem requires students to apply 
prior knowledge; 2) the problem contains several cues that stimulate students to 
elaborate; 3) the problem is presented in a real life context; 4) the problem reflects real 
world complexity; 5) the problem designed takes account of the intellectual 
development and social-emotional needs of students; 6) the problem promotes the 
development of generic skills (e.g. communication skills and presentation skills) and 
content knowledge; 7) the problem is not so rigid with one right solution, one way of 
reaching solution, or one way of instruction; 8) the problem stimulates self-directed 
learning, such as researching information for problem solving; 9) the problem matches 
with one or more of the curriculum objectives; 10) the problem contains clear and 
focused questions; 11) students are provided with essential resources; and 12) the 
assessment tasks are authentic. 
The second research question aimed to find out the factors affecting the PBL 
implementation. Analyses of the video records, the researcher's reflective journal, the 
chemistry teacher's after-lesson debriefing and the chemistry teacher's interview 
revealed 7 facilitating factors and 6 hindering factors. 
ii 
Seven factors which facilitated the implementation of PBL were: 1) the warm-
up activities; 2) the identification of keywords; 3) the chemistry teacher's 
understandings of PBL; 4) the identification of the learning objectives; 5) the 
opportunities of group learning; 6) the opportunities for students to choose their 
preferred learning areas; and 7) the accessibility of the learning resources. 
On the other hand, six factors which hindered the implementation of PBL were: 
1) the identification of learning issues; 2) the searching of library references; 3) the 
selection of the appropriate learning materials; 4) the way to assign an appropriate 
amount of workload to each member; 5) the students' presentation skills; and 6) the 
location of the special rooms. 
The third research question aimed to find out if there is any difference between 
PBL students' and didactic instruction students' understanding of chemistry content 
knowledge and problem solving skills. Students' understanding of chemistry knowledge 
was measured by 15 ‘Redox’ multiple choice questions and 15 'Electrolysis' multiple 
choice questions. Their problem solving skills were examined by 2 'Redox' problem 
solving questions and 2 'Electrolysis' problem solving questions. One-way ANCOVA 
was conducted and the results showed that PBL students' chemistry knowledge and 
problem solving skills on each chemistry topic were significantly better than that of the 
didactic instruction students. 
i i i 
The fourth research question aimed to investigate the PBL students' attitudes 
towards PBL. An 18-item questionnaire was firstly conducted after the completion of 
10 PBL sessions (the second PBL unit) and repeated at the end of the treatment. Results 
showed that the reliability of the questionnaire was good. The students' attitudes after 
10 PBL sessions were not as good as hoped but significantly improved with time. 
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Chapter One 
Introduction 
1.1 Identification of the problems 
The current Hong Kong chemistry curriculum for secondary 4 and 5 students 
(CDC, 2002) was recently implemented in September, 2003 and the previous one 
(CDC, 1991) was first implemented a decade ago. Both curricula aimed to 
develop students' all-around skills through learning chemistry (Holbrook, 1991, 
1992; Or, 1994; Wong, 1991). Students were expected to have a good 
understanding of chemical knowledge and to master scientific problem solving 
skills. 
Unfortunately, the Annual Reports published by the Hong Kong Examinations 
Authority (1997, 1998, 1999, 2000) revealed that many Hong Kong secondary 
students do not learn chemistry content knowledge well and they do not learn 
them with deep understanding. For instance, in 1997, candidates were given three 
substances, aluminium, duralumin and stainless steel, they were asked to choose 
and explain which substance is the best for making the body of an aircraft. Most 
candidates chose the correct substance, duralumin, but failed to give sound 
arguments to explain their answers. Students did not understand or they were not 
able to compare the physical properties of different substances. Thus, they were 
unable to explain that duralumin is lighter than stainless steel or it is stronger than 
aluminium. 
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In the Third International Mathematics and Science Study (TIMSS), the 
average science performance of Hong Kong secondary 2 students was found to be 
below or only comparable to the 25 percentile of the best performing countries 
(Law, 1996). Although the performance was very close to the international 
average, it was significantly lower than nearly all other developed countries which 
participated in the TIMSS. In addition, the Hong Kong secondary 2 students 
performed poorly in the free-response items. It indicated that the Hong Kong 
secondary 2 students have low abilities in understanding complex information, 
they are poor in applying scientific principles to design investigations and they are 
weak in solving complex science problems. 
Moreover, the Annual Reports published by the Hong Kong Examinations 
Authority (1997, 1998, 1999, 2000) revealed that many Hong Kong secondary 
students are unable to apply their chemical knowledge to solve problems that 
occur in unfamiliar situations. For instance, in 1999, candidates were asked to 
describe and explain how they would remove kerosene and iron (III) ions from a 
bottle of chemical waste which contained kerosene, aqueous iron (III) chloride 
and sodium chloride. Since the question was not familiar to many candidates, they 
suggested inappropriate separation methods, such as fractional distillation, 
evaporation and decantation instead of using a separating funnel. Some candidates 
even suggested displacing iron (III) ions by adding sodium metal to the aqueous 
solution. Obviously these candidates did not consider that sodium reacts 
vigorously with water and such a proposed method is extremely dangerous. 
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Hong Kong Examinations Authority (1997, 1998, 1999, 2000) also commented 
that many students performed poorly when they tackled unfamiliar chemistry 
quantitative problems. For instance, in 1998, candidates were asked to calculate 
the volume of hydrogen chloride gas produced by incinerating 1000kg PVC. It 
was an unfamiliar scenario for many candidates and thus they did not realize that 
the number of moles of hydrogen chloride gas liberated are equal to the number of 
moles of PVC repeating units. Thus, many candidates failed to arrive at the 
correct answer. 
Heyworth (1998, 1999) noted that many Hong Kong secondary students, no 
matter they have high or low academic abilities, rely too much on algorithms 
when they solve quantitative chemical problems. Many quantitative problems 
encountered in secondary chemistry curriculum were basic standard problems that 
could be solved by simple routine calculation procedures. Since high ability 
students are familiar with standard quantitative chemical problems, they do not 
have to analyze the problem or derive any new calculation procedures but simply 
recall the similar calculation procedures from their long-term memory. They then 
work forward to achieve the results and solve the problems. Students with lower 
ability perform even worse in solving these quantitative problems. Since low 
academic ability students are not familiar with the problems, they generally try to 
analyze the problems and derive the problem solving procedures. Although they 
recall all feasible equations from their memory they are still unable to choose and 
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apply the correct ones. By putting all the given figures into the incorrect 
equations, they make mistakes in simple calculations. 
The existing education system in Hong Kong is largely examination-oriented 
(Holbrook, 1992). Many students focus on achieving good results in examinations 
rather than understanding the content knowledge or applying their knowledge to 
solve daily problems. Moreover, many teachers adopt the didactic type of 
teaching method (CDC Chemistry subject committee, 1998). Such didactic 
teaching method seldom demands creative thinking skills and problem solving 
skills (Holbrook, 1991). In the meantime, students continue to learn chemistry by 
rote. 
In brief, the Hong Kong secondary students do not learn chemistry knowledge 
with deep understanding, they may be good at remembering some chemical 
definitions but fail to apply or analyze them. Moreover, they do not have good 
problem solving skills and they are not competent in solving chemistry problems 
in real-life scenarios. Problem Based Learning (PBL) seems to be an alternative 
teaching-learning method which could improve the situation. At the secondary 
school level, PBL has been proved to be an effective teaching-learning method 
that improves students' understanding of knowledge (e.g., Stepien, Gallagher & 
Workman, 1993; Gallagher & Stepien, 1996; Dods, 1997; Coles; 1985; Newble & 
Clarke, 1986) and problem solving skills (e.g., Ben-Chaim et al., 1997, 1998; 
Gallagher, Stepien & Rosenthal, 1992; Stepien, Gallagher & Workman, 1993). 
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This study explores the effects of Problem Based Learning in the secondary 
school chemistry context. 
PBL promotes different kinds of benefit throughout its process (Barell, 1995; 
Delisle, 1997; Torp & Sage, 1998; Wood, 1997). PBL starts with an ill-structured 
real life problem, students' learning is more relevant to the real world, so their 
learning interests and motivations are stimulated (Barell, 1995; Delisle, 1997; 
Torp & Sage, 1998; Wood, 1997). Students then have to brainstorm and discuss 
among their groups in order to define the problem and learning issues, so 
students' group learning skills and high order thinking skills are developed (Barg 
et al., 2000; Delisle, 1997; Torp & Sage, 1998). Based on the defined learning 
issues, students have to search, select, self-learn and analyse information, and thus 
their self-learning skills are improved (Barell, 1995; Delisle, 1997; Torp & Sage, 
1998). Finally, students have to prepare presentations in order to share what they 
have learned with their peers, thus students' communication skills, presentation 
skills and peer-learning skills are also enhanced (Barell, 1995; Barg et al., 2000; 
Delisle, 1997; Torp & Sage, 1998). 
Although many researchers believed that PBL promotes students' learning 
with a range of benefits, controversial findings were also found. For instance, 
Mergendoller, Bellisimo and Maxwell (2000) compared secondary students' 
general economic knowledge gained from PBL and didactic instruction. The 
results showed that students' general economic knowledge gained in PBL class 
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was significantly less than that in traditional class. Moreover, there were two 
extensive meta-analyses (Albanese & Mitchell, 1993; Vernon & Blake, 1993) that 
compared PBL with didactic instruction in medical education. Results revealed 
that the performance of the students in didactic class was significantly better than 
that of the PBL students, especially in the subject 'basic science'. 
Apart from the controversial findings of PBL, recent PBL studies also have 
two major problems. Firstly, the research designs of many PBL studies were 
generally weak, including those studies involved in secondary school level. For 
example, Ben-Chaim et al. (1998) reported that there was neither class 
observation nor video recordings in their study so they could not report their 
implementation process. Some studies (e.g., Dods, 1997; Gallagher, Stepien & 
Rosenthal, 1992) used special samples in their studies, such as talented and gifted 
students, and thus the results were difficult to be generalized. In addition, 
Gallagher and Stepien (1996) compared the learning outcomes of PBL and 
didactic instruction groups but the samples and data were taken from different 
schools. The background of students who come from different schools definitely 
affected the results of the study. Cruickshank and Olander (2002) used four 
students for the PBL group and five students for the didactic instruction group in 
their study. So they admitted that the sample size was too small that the outcome 
of the study was not convincing. Researchers (Cruickshank & Olander, 2002; 
Domin, 1999; Dunn & Phillips, 1998; Ram; 1999) focused their studies in 
laboratory instructions instead of general classroom context and the results were 
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not generalizable. Other studies (e.g., Bloomfield, Dahl & Passch, 1996) only 
explained their research rationales and reported their PBL processes, but there 
was no empirical evidence in students' learning outcomes and thus the successes 
of such PBL experiences were not convincing. 
Secondly, there were only limited amount of PBL studies worked in chemistry 
education context. Most of these studies concerned the undergraduate chemistry 
course. For instance, De Jesus (1995) compared his undergraduate organic 
chemistry students' learning outcomes in both PBL and didactic instruction 
classes, but he found two major research limitations so he did not conclude his 
findings. First, the teaching-learning processes in both PBL and didactic classes 
were very different; the didactic class had review sessions and the PBL class had 
additional out of class contact time. Second, the essay questions in the final exam 
were biased and written by the PBL class teacher. Canon and Krow (1998) tried to 
adopt PBL in their university upper-level organic synthesis courses. Teong et al. 
(2000) used PBL in two chemistry subjects in their polytechnic, and aimed to help 
students integrate the knowledge acquired and challenge students to practice their 
problem-solving skills and team-work skills. Other studies (Cruickshank & 
Olander, 2002; Domin, 1999; Dunn & Phillips, 1998; Ram, 1999) were conducted 
in university chemistry education context and focused in chemistry laboratory 
instructions. 
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There were only three PBL studies conducted in the secondary chemistry 
context and their research designs were not good either. None of them is an 
empirical research study. None of them evaluated how to design and develop an 
effective PBL unit, and none of them investigated the effectiveness of PBL in the 
secondary chemistry context. 
Firstly, West (1992) outlined the PBL process and described his PBL 
experience in a secondary school. The author commented the importance of the 
facilitator's role, the resources and the evaluation. He listed the advantages and 
disadvantages of PBL. He also tried to conclude that PBL was a viable teaching 
strategy for secondary school science. But there was no empirical finding in his 
study to support his sayings. Moreover, West (1992) concluded that further 
research is needed in order to determine the extent of modification needed and the 
effectiveness of PBL at the secondary level. 
Secondly, Delisle (1997) provided an example of PBL used in the 11出-12* 
grade chemistry context. He recalled a chemistry teacher's experience in a story-
telling format. He recalled how they started the problem and what happened in 
each phase. It was not a research study at all. Although he believed that there were 
several questions needed to be considered before starting to design a PBL 
problem, there was no empirical finding to support his belief. 
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Thirdly, Smithenry et al. (1998) described their 1 ”卜 grade PBL chemistry 
laboratory class. They described how the PBL was initiated, how students started 
to design their experiments and how they conducted them. Although the authors 
commented that their PBL project allowed students to practice the communication 
skills such as developing experiments, analyzing results and planning future 
research, there was no empirical finding supported their comments. 
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1.2 Purpose of the study 
In view of the current Hong Kong secondary chemistry education, two critical 
issues have been noticed. The Hong Kong secondary students were lack of deep 
understanding of chemistry knowledge and they do not have adequate problem 
solving skills. 
One of the aims of this study is to examine if PBL is an alternative teaching-
learning method that could effectively improve Hong Kong secondary students' 
learning weaknesses. Another aim of this study was to develop a better research 
design so that some of the limitations in past PBL studies could be eliminated. 
One secondary four chemistry class of a local grammar school was involved in 
this study. 40 students were randomly divided into two groups. One group used 
PBL and served as the experimental group while another group used didactic 
instruction and served as the control group. Two secondary four chemistry topics, 
namely ‘Redox’ and ‘Electrolysis,, were covered in the final phase of this study. 
Each topic lasted for 10 sessions and each session had 40 minutes. 
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1.3 Significance and contribution of the study 
The significance and contribution of this study focus on three areas. Firstly, 
many previous studies reported that they tried to overcome students' learning 
problems, lack of deep understanding and lack of good problem solving skills, by 
using PBL on students of different levels and disciplines. Most of these studies 
showed positive results. However there were only limited amount of studies 
which examined the effectiveness of PBL in the secondary chemistry context. 
This is most probably the first empirical study to investigate the effectiveness of 
PBL in the secondary chemistry context. 
Secondly, PBL materials are not available for secondary school chemistry 
teachers. In this study, three PBL packages were developed. They were entitled 
'Spectacle frame', 'Wool damage' and 'Hydrogen fuel', and they were designed 
for the chemistry topics ‘Corrosion,, ‘Redox, and 'Electrolysis' respectively. For 
each PBL package, notes for teachers and students were developed. 
Several experts specialized in PBL and chemistry curriculum evaluated the 
three packages before implementation. If the final results of this study showed 
that PBL is a better teaching-learning method than didactic instruction, these PBL 
packages will be extremely useful for future reference and further study. 
11 
Thirdly, limitations of past PBL studies were taken into account in order to 
improve the research design of this study. A pretest-posttest control group design 
(McMillan and Schumacher, 2001) was used. Forty secondary 4 chemistry 
students were assigned randomly to the PBL group and the didactic instruction 
group. Each group was pre-tested and post-tested to assess students' 
understanding of chemical knowledge and mastery of problem solving skills. In 
addition, a single group interrupted time-series design (McMillan and 
Schumacher, 2001) was used to monitor students' change in attitude towards 
PBL. Students in the experimental group completed an attitude questionnaire in 
the middle and at the end of the treatment. 
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1.4 Research questions 
This study focused on the following four research questions: 
1. What are the characteristics of an effective Problem Based Learning unit in 
secondary school chemistry? 
2. What are the factors facilitating and hindering the implementation of the 
Problem Based Learning units by a chemistry teacher? 
3. Are there any significant differences in the students' understanding of content 
knowledge and problem solving skills between the Problem Based Learning 
and didactic instruction groups? 
4. What are the chemistry students' attitudes towards Problem Based Learning? 
The first research question is important because the characteristics of an 
effective PBL unit are key information for other curriculum developers. They can 
utilize the ideas and strategies suggested in this research to design and develop 
their own PBL units on other chemistry topics. 
The second research question is critical, because a PBL unit can not produce 
the intended positive effect unless it is implemented successfully (Fullan, 1977, 
1991). Also, without implementation data, it is difficult to make any conclusive 
statements of the effectiveness of PBL. 
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The third research question is essential since it tests the effectiveness of PBL 
empirically. PBL is an effective teaching-learning method if it can improve 
students' understanding of chemical knowledge and problem solving skills. 
The fourth research question cannot be ignored since students' attitudes 
towards PBL affect their learning outcomes. According to the constructivist view 
of learning, education occurs only when a student is willing to actively engage in 
his/her learning process. Therefore, student attitudes greatly impact the degree to 
which learning can occur (Henderleiter & Pringle, 1999). Students are supposed 
to learn better if they possess positive learning attitudes towards PBL. 
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Chapter Two 
Review of the literature 
The following literature review focuses on the previous studies which are 
relevant to the current study. The aim of conducting literature review is to build up 
the knowledge base in order to answer the research questions. The literature 
review begins with introducing the Hong Kong secondary chemistry curriculum, 
explaining students' poor understanding of chemistry knowledge and poor 
problem solving skills. Next, the review examines the literature related to PBL, for 
instance its nature, the differences between PBL and other instructional methods, 
how to design and implement a PBL unit, and the effects of PBL on students' 
learning. Finally, the limitations of the past PBL studies are presented. 
1 5 
2.1 The Hong Kong chemistry curriculum for secondary schools 
The current secondary 4-5 chemistry curriculum (CDC, 2002) has been 
implemented since September 2003. The two-year course was built on the 
foundation of the CDC Syllabus for Science (Secondary 1-3) published in 1998. 
There are all together nine sections, each of them were suggested to be completed 
within certain numbers of period and each period normally lasted for 40 minutes: 
Planet Earth (8 periods); The Microscopic World (28 periods); Metals (22 periods); 
Acids and Alkalis (28 periods); Chemical Cells and Electrolysis (24 periods); 
Products from Important Processes (24 periods); Fossil Fuels and of Carbon 
Compounds (30 periods); Plastics and Detergents (22 periods); and Detection ad 
Analysis (6 periods). In addition, the broad aims of this curriculum are for the 
students to: 
• develop curiosity and interest in chemistry; 
• acquire an appropriate body of knowledge and understanding in chemistry; 
• acquire an ability to think rationally and critically, and to apply the knowledge 
of chemistry in making judgements and solving problems; 
• develop skills in scientific investigations; 
• recognise the evolutionary and sometimes transitory nature of chemical 
knowledge; 
• be acquainted with the language of chemistry and be equipped with the skills 
in communicating ideas in chemistry related contexts; 
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• develop an appreciation of chemistry and its application in daily life; 
• become aware of the social, economic, environmental and technological 
implications of chemistry, and show concern for the environment and society; 
and 
• develop open-mindedness, objectivity and proactiveness 
The section ‘Products from Important Processes' is arranged right after the 
section ‘Chemical Cells and Electrolysis,. This arrangement allows students to 
reinforce the concept 'Redox' through the study of chemical processes. Concepts 
related to chemical equations like ionic equations, half equations and balanced 
chemical equations are introduced in different parts of the course in a progressive 
order. These arrangements help students to master concepts without loading them 
with a great deal of abstract and unfamiliar information. Moreover, apart from 
'knowledge and understanding', ‘value and attitudes towards learning Chemistry' 
and ‘skills and thinking processes' are also emphasised in this curriculum (CDC, 
2002). Such ‘skills and thinking processes' include problem solving skills, 
practical skills, communication skills, decision making skills, self-learning skills 
and collaboration skills. Table 2.1 summarizes the intended learning objectives of 
the topics ‘Redox, and 'Electrolysis' (CDC, 2002). 
1 7 
Table 2.1 - Summary of intended learning objectives of 'Redox' and 'Electrolysis' 
Area Redox Electrolysis 
Knowledge and • Oxidation and reduction • Electrolysis as the 
Understanding • Oxidizing agents decomposition of substances 
• Reducing agents by electrolysis of: dilute 
• Oxidation numbers sulphuric acid; sodium 
• Balancing redox equations chloride solutions of 
by using ionic half different concentrations; 
equations or by oxidation copper(II) sulphate solution 
numbers • Anodic and cathodic 
reactions 
• Preferential discharge of 
ions in relation to the 
electrochemical series, 
concentration of ions and 
nature of electrodes 
• Industrial applications of 
electrolysis: electroplating; 
electrolysis of brine 
Skills and Thinking • Writing ionic half equations 
Processes • Performing experiments to 
investigate redox reactions 
• Determining oxidation 
numbers of elements in 
chemical speices 
• Balancing redox equations 
by using ionic half 
equations or by oxidation 
numbers 
Values and • To appreciate the usefulness 
Attitudes of the concept of oxidation 
number in the study of 
chemical changes 
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CDC (2002) encouraged chemistry teachers to use different strategies such as 
discussion, practical work and project learning to facilitate student's learning. The 
benefits of each type of teaching strategy were also listed. 
CDC (2002) suggested that both summative assessment and formative 
assessment should be considered in order to improve the teaching and learning. 
School-based assessment should include both summative and formative 
assessments. Summative assessment is normally identified with tests, end-of-term 
examinations and public examinations. Formative assessment should be carried 
out on a continuos basis and through different ways such as oral questioning, 
observation of students' performance, assignments, project work, practical tests 
and written tests. CDC (2002) also suggested that the assessment domains should 
include 'knowledge and understanding', 'higher order skills' and 'values and 
attitudes' Different assessment strategies and also introduced with their benefits, 
such as paper and pencil tests, written assignments, oral questioning, observation, 
practical work and scientific investigations, and project work. 
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2.2 Students，understanding of chemical knowledge 
Bloom's taxonomy classified six levels of cognitive learning objectives and 
stated that they correspond with different levels of human cognitive development 
(Anderson & Krathwho, 2001; Gronlund, 1985 & 2000; Pang, 1992). The first and 
lowest level is ‘Knowledge,, which is defined as the remembering of previously 
learned material. The second level is ‘Comprehension，，which is defined as the 
ability to grasp the meaning of material. The third level is 'Application', which 
refers to the ability to use learned material in new and concrete situations. The 
fourth level is ‘Analysis，，which refers to the ability to break down material into 
its components so that its organization can be understood. The fifth level is 
'Synthesis', which refers to the ability to put different parts together to form a new 
whole. The sixth and highest level is ‘Evaluation，，which is concerned about the 
ability to judge the value of material for a given purpose. 
Trowbridge et al. (2000) believed that 'understanding' includes the first two 
levels of cognitive development, ‘knowledge’ and 'comprehension'. ‘Knowledge’ 
was defined as to know the scientific facts, scientific methods, basic principles of 
science and the conceptual schemes of science. The common requirements of 
‘knowledge，include, 'acquire', 'define', ‘describe，，‘identify,, 'label', ‘list,, 
‘name’，‘recall’，'recognize', ‘select，，‘state，，etc. 'Comprehension' was defined as 
to understand scientific facts, interpret scientific principles, translate formulas to 
verbal statements, estimate the consequences of data and justifies procedures of 
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scientific investigation. The common requirements of ‘comprehension’ include 
'conclude', 'convert', 'defend', 'estimate', 'explain', 'extrapolate', 'generalize', 
‘infer,, 'interpolate', 'interpret', 'paraphrase', ‘predict,, ‘reorder,, 'summarize', 
'transform', etc. 
According to the current Hong Kong chemistry curriculum (CDC, 2002), 
students are expected to understand: 
• some phenomena, facts, principles, concepts, laws and theories in chemistry; 
• chemical vocabulary, terminology and conventions; and 
• some applications of chemistry in society and in everyday life 
The Hong Kong Certificate of Education Examination Annual Reports (Hong 
Kong Examination Authority, 1997, 1998, 1999 & 2000) commented that many 
Hong Kong secondary students do not learn chemistry content knowledge with 
deep understanding. Students do not deeply understand the chemistry content 
knowledge, so they are not capable in answering questions which require high 
order skills such as logical thinking and deduction, and they are also generally 
weak in presenting arguments, organizing and presenting chemical ideas and 
writing essay. 
For example, in 1997, candidates were asked to explain how chlorine was 
produced by the electrolysis of brine, in terms of preferential discharge of ions. 
Many candidates did not mention that both CI" and OH" ions migrate towards the 
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anode during the electrolysis. These candidates failed to present a complete 
picture of the events happening. Candidates were also asked to arrange and 
explain the order of increasing pH of IM ethanoic acid, IM hydrochloric acid and 
IM sulphuric acid. This question required candidates not only to have adequate 
'knowledge', such as knowing the terms 'pH', 'strength of acid，，'concentration of 
acid' or ‘basicity of acid', but also expected candidates to understand all these 
chemistry concepts. Candidates were expected to arrange the order of increasing 
pH as IM sulphuric acid, then 1M hydrochloric acid and lastly IM ethanoic acid. 
Candidates should have explained in terms of the number of ionizable hydrogen 
atoms in these three acidic solutions. However, some candidates wrongly 
associated the acidity with corrosive/oxidizing properties. Some candidates even 
wrongly explained that sulphuric acid is a stronger acid than hydrochloric acid 
because it has two hydrogen atoms instead of two ionizable hydrogen atoms. This 
implied that students did not fully understand acid-base chemistry. 
In 1998, candidates were asked to explain why hydrogen, instead of sodium, 
was liberated at the cathode during the electrolysis of brine. Many candidates did 
not realize that hydrogen ions, rather than hydrogen atoms act as the oxidizing 
agent during discharge. Some candidates gave incorrect answers, such as 
'hydrogen accepts electron more readily than sodium'. 
Actually, students' lack of a deep understanding of chemistry knowledge is 
also a serious problem in other countries. Garnett et al. (1995) summarized the 
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common students' misconceptions about 'Oxidation-reduction and 
electrochemsitry': 
‘Electric circuits': 
1) the flow of positive charge, notably protons, constitutes electric current in 
metallic conductors 
2) electricity in chemistry and physics is different because current flows in 
opposite directions 
3) the flow of electrons constitutes electric current in electrolysis 
4) electrons move through solution by being attracted alternately from one ion to 
another 
5) electrons move through solution by being ‘carried’ by an ion 
‘Oxidation and reduction' 
1) the oxidation state of an element is the same as the charge of the monatomic 
ion o f the element, for example, oxidation state of magnesium metal is +2; 
2) a polyatomic species can be assigned an oxidation state and this equals the 
charge on the species, for example, oxidation state of manganese in MnOzf 
is -1; 
3) in all chemical equations the ‘addition’ and 'removal' of oxygen and hydrogen 
can be used to identify oxidation and reduction; instead, the only way to 
identify oxidation-reduction equation is from the changes in oxidation state; 
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4) in all chemical equations in the charges of polyatomic species can be used to 
identify oxidation and reduction; instead, the only way to identify oxidation-
reduction equation is from the changes in oxidation state; and 
5) oxidation and reduction processes can occur independently; some students 
stick on the definition that 'oxidation is the gain of oxygen' and thus they 
believe that oxidation can take place without reduction 
'Electrochemical cells' 
1) in standard reduction potential tables the species with the highest reduction 
potential is the anode 
2) the current flows because there is a difference in charge at the anode and 
cathode 
3) the anode is positively charged because it loses electrons, and because of this 
it attracts cations; the cathode is positively charged, and because of this it 
attracts anions 
4) in an electrochemical cell the salt bridge supplies electrons to complete the 
circuit 
5) electrons move through the electrolyte to complete the circuit 
6) the anions and cations move until their concentrations in both half cells are 
equal 
7) half cells need not be electrically neutral, one half cell can be positive with 
cations and the other negative with an equal number of anions 
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‘Electrolytic cells' 
1) the polarity of the terminals of the applied voltage has no effect on the site of 
the anode and cathode 
2) no reaction will occur at the surface of inert electrodes 
3) there is no association between the predicted e.m.f. of an electrolytic cell and 
the magnitude of the applied voltage required to bring about electrolysis 
4) processes in electrolytic cells are the reverse of those in electrochemical cells, 
in electrolytic cells, oxidation occurs at the cathode and reduction at the anode; 
anions and cations move to the cathode and anode respectively and equations 
from standard potential tables are reversed prior to combining them 
Garnett et al. (1995) suggested several methods to improve the teaching and 
learning so as to accommodate students' misunderstandings. First, teachers should 
use words and expressions which were unambiguous and which accurately 
describe the subject matter being considered instead of the use of everyday 
language in a scientific context. Second, teachers should avoid to simplify the 
concepts or to provide descriptions which may be limited or even misleading. 
Third, teachers could try to use analogies in order to make difficult abstract 
concepts accessible to students, especially on the use of multiple definitions and 
models. Fourth, materials should be presented in ways that encourage student 
understanding of concepts, rather than in ways which promote rote learning and 
the unthinking application of algorithms. Fifth, teachers should highlight the 
similarities and differences of closely related concepts which students were likely 
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to confuse. Sixth, teachers should identify the extent to which students had 
acquired prerequisite knowledge. 
Nakhleh (1992) synthesized the findings about the chemical misconceptions of 
students from elementary and middle school level through the undergraduate level. 
She believed that many students find learning chemistry difficult since they do not 
construct appropriate understandings of fundamental chemistry concepts from the 
very beginning of their studies, and thus they can not fully understand the more 
advanced concepts that build upon the fundamentals. She listed four major 
problems found and suggested how to solve them. 
First, there were profound misconceptions in the minds of many students from 
a wide range of cultures concerning the particulate and kinetic nature of matter. 
Therefore, teachers should help students to understand the differences between 
atoms, molecules, and ions. They should also clarify the conditions under which 
each term is appropriate. Students should be reminded that if they can not explain 
a concept in molecular terms, then they really do not understand it. 
Second, students did not spontaneously visualize chemical events as dynamic 
interactions. They did not understand the kinetic behavior of particles thus they 
did not make any conceptual sense on many other chemistry topics. Therefore, 
teachers must help students to realize certain topics which are related to an 
underlying assumption of kinetic model of matter, such as electrochemistry. 
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Third, misconceptions could occur when students came for instruction holding 
meanings for everyday words that differ from the scientific meaning. Therefore, 
teachers should introduce scientific terms by emphasizing the differences between 
the everyday meaning and the more precise scientific meaning. 
Fourth, it was difficult for students to master different definitions for the same 
phenomenon. For example, reduction and oxidation can be defined in various 
terms: as a change in oxidation number; as a gain or loss of oxygen; or as a gain or 
loss of electrons. Therefore, teachers should be especially precise when explaining 
topics that have multiple definitions. 
Sumfleth (1988) of Germany studied the relationship between students' 
knowledge of chemical terms and their achievement in chemistry by conducting 
three tests, namely 'explanation test', ‘achievement test' and connectivity test'. 
They were developed to examine 307 ninth grade students from 17 classes and 9 
schools. Students in the study were asked to explain different chemical terms in 
the 'explanation test' such as 'atomic model', 'solution', 'salt', 'compound' and 
‘valency,. In ‘achievement test', students were asked to answer six questions, 
three of which were related to ‘structure-property relations' and the other three 
were related to 'setting up of formulae'. The final test 'connectivity test' required 
students to formulate statements concerning chemistry using given chemical terms, 
such as 'covalent bond', ‘ionic，，'ionic lattice', 'molecules', 'types of bonds', etc. 
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The overall results of the study showed that the students' performances were only 
satisfactory in 'explanation test'. It implied that students only had basic 
knowledge of chemical terms but they did not deeply understand them. Referring 
to Bloom's taxonomy, students only achieved the lowest level of understanding. 
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2.3 Chemistry students，problem solving skills 
Another major learning objective of the current Hong Kong secondary 
chemistry curriculum is to promote scientific methods and problem solving skills 
(CDC, 2002). Referring to the Bloom's taxonomy, problem solving skills should 
involve higher levels of cognitive development and which should include 
‘Application,, 'Analysis', 'Synthesis' and 'Evaluation'. 
CDC (2002) suggested the followings and which are the things that students 
should do in order to solve scientific problem: 
• application: apply knowledge and understanding to solve problems in 
unfamiliar situations; 
• analysis: identify scientific, social and technological problems and ask 
relevant questions; 
• analysis: identify assumptions, concepts and theories related to a problem 
posted; 
• analysis: analyze data from experimental results or from other sources; 
• synthesis: propose hypotheses and devise methods to test them; 
• evaluation: draw conclusions and make predictions; and 
• evaluation: evaluate suggested solutions to a problem from different 
perspectives, including scientific, social, ethical, political and economic 
aspects where appropriate 
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Some educators (Holbrook, 1991, 1992; Tang & Wong, 1993) defined 
scientific problem solving skills into five-step procedures: 
1. identify scientific and technological problems; 
2. select and apply learned principles and concepts to solve problems; 
3. develop hypotheses and formulate methods for testing them; 
4. analyze data from experimental results or from external sources; and 
5. draw conclusions and make predictions 
Frazer (1982) explained the meaning of encountering a chemistry problem was 
whenever a student faces a problem for which he/ she cannot immediately find a 
solution. There is an obstacle or barrier in the path from problem to solution. In 
general, problem solving is bridging this gap, or is overcoming the obstacle or 
barrier. Frazer (1982) also summarizes that a student needs to solve a problem 
when he/ she faces with: 
• a question to which he/ she does not immediately know the answer, and/ or 
• indecision and cannot immediately make a decision, and/ or 
• a task or a goal that he/ she cannot accomplish or reach immediately, and/ or 
• a feeling of ‘chemical discomfort' and cannot immediately feel 'chemically 
comfortable' 
It was pointed out by the Hong Kong Certificate of Education Examination 
Annual Reports (1997, 1998, 1999, 2000) that many Hong Kong secondary 
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students are not able to apply their chemical knowledge to solve problems that 
occur in an unfamiliar situation. 
In the examination held in 1997, candidates were asked to plan and describe 
an experiment in order to electroplate nickel on a clean metal spoon, materials and 
apparatus were given. Many candidates did not mention the important step of 
dipping the positive electrode and the spoon into the electrolytic solution. Some 
candidates described incorrect observations for the experiment. 
In the examination held in 2000, candidates were asked to plan an experiment 
to determine the percentage by mass of copper powder in the sample of copper 
powder contaminated with copper (II) oxide. Most candidates were unable to 
suggest a correct method. Many suggested to use a titrimetric method or 
electrolysis, which are in fact unsuitable in this scenario. In another example given 
in 1999, candidates were asked to suggest a test to show the presence of 
ammonium ions in the moist paste of ammonium chloride in a zinc-carbon cell. 
Few candidates provided the correct chemical test for ammonium ions. Candidates 
did not realize that it is necessary to warm the paste with sodium hydroxide 
solution and to test the ammonia gas giving out with a piece of wet red litmus 
paper. 
Furthermore, students generally have difficulties in solving chemical problems 
involving calculations. Heyworth (1998, 1999) investigated quantitative problem 
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solving in Hong Kong S.6 chemistry on the topic of 'volumetric analysis'. The 
study ascertained and compared the procedural knowledge and conceptual 
knowledge of 6 'expert' students and 6 ‘novice’ students when they solved one 
‘volumetric analysis' problem. The problem used in the study was a basic 
volumetric analysis problem which included calculating numbers of moles of a 
solute, concentration of a solution, changes in concentration when a solution is 
diluted and concentration of an acid or alkali in a titration. Hey worth (1998, 1999) 
found that students with different abilities possess different approaches when they 
solve problems. Those who are more capable recall their long-term memory of 
solving the similar kind of problems and use the standard procedures to solve new 
problems. They do not care about the content of the problem and do not create a 
problem solving procedure, merely working forward to achieve the result. On the 
other hand, those who are less capable generally derive the goal of the problem 
and then solve it. However, these less capable students are unable to apply the 
correct equation and therefore they end up with incorrect result. Some of the less 
able students simply recall the memory of all learned equations and attempt to put 
the figures given in the problem in order to get the results. 
Studies by other researchers such as Nurrenbern (1979), Gabel (1981), Gabel, 
Sherwood and Enochs (1984), Ananmuah-Mensah (1986), Herron and Greenbowe 
(1986), Lythcott (1990), and Bunce, Gabel and Samuel (1991) also found that 
many students are incapable to solve quantitative chemistry problems. Students 
frequently use algorithmic approach to solve this type of problems. 
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Hong Kong Certificate of Education Examination annual reports (1997, 1998, 
1999, 2000) pointed out that students perform poorly when they are asked to 
tackle chemistry quantitative problems set in unfamiliar situations. 
In the examination held in 1998, candidates were given condition of the 
electrolysis of brine that 50.0 cm^ of hydrogen was liberated at the cathode at 
room temperature and pressure and they were asked to calculate the theoretical 
volume of chlorine liberated at the anode under the same condition. Many 
candidates did not point out that equal numbers of moles of CI2 and H2 were 
liberated during the electrolytic process. 
In the examination held in 1997, candidates were given four formulae 
involved in the Contact Process that explains the conversion of sulphur to 
sulphuric acid. They were asked to calculate the number of moles of sulphur 
needed to produce one mole of sulphuric acid. Candidates spent a lot of time but 
still got wrong answer. It implied that candidates were unable to follow the 
stoichiometry when a chemical conversion was presented by more than one 
equation. 
In the examination held in 2000, candidates were asked to calculate the 
concentration of citric acid in the sample of orange juice. Many candidates failed 




2.4 Factors affecting students，understanding of chemistry knowledge and their 
problem solving skills 
There are two probable reasons why many Hong Kong students have poor 
understanding of chemical concepts and problem solving skills. The first reason is 
related to the teaching methods commonly used by teachers. Many teachers in 
Hong Kong adopt the didactic type of teaching method (CDC Chemistry subject 
committee, 1998) even though educators (Johnston, 1991; Law & Tao, 1991; 
Tang & Wong, 1993) believed that content knowledge should not be transferred 
from teachers to students. The theory of constructivisim emphasizes that 
knowledge is constructed by the learner through his/her personal interaction with 
objects and events (Cruickshank & Olander, 2002). The new chemistry curriculum 
(CDC, 2002) also emphasizes that teachers should be well acquainted with the 
aims and objectives of the curriculum and arrange meaningful learning activities. 
Moreover, teachers should timely and appropriately employ different learning and 
teaching approaches, and play the roles of a resource person, facilitator and 
assessor. 
Although a great variety of teaching activities, such as ‘discussion，，‘poster 
design', ‘project work', ‘decision making exercise', 'library search’ and 'debate' 
have been highly recommended (CDC, 1991, 2002), chemistry teachers in Hong 
Kong are mostly unfamiliar with them. The provision of in-service training 
courses is also limited (Or, 1994; Tang & Wong, 1993). As a result, these highly 
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recommended teaching and learning activities were not frequently used by most of 
the chemistry teachers (CDC chemistry subject committee, 1998). For instance, 
since students should not be the mere passive listeners and spoon-fed by teachers, 
library search is a good teaching and learning activity to encourage students to 
find, select and process information retrieved from different sources. Library 
search activity can be simple fact finding, compiling a body of information for a 
specific purpose or even a research work, and different benefits would be derived 
from using library search. First, it trains students to learn on their own. Second, it 
prepares students for higher level studies. Third, it provides an alternative method 
of testing the validity of a hypothesis in certain cases. Fourth, it promotes their 
reading skills and possibly the writing skills as well. However, CDC chemistry 
subject committee (1998) evaluated the implementation of the S4-5 chemistry 
syllabus and found that 46.9% of S4 teachers and 56.7% of S5 teachers did not 
provide students with opportunity to use library search. 
In addition, debate is a good exercise to enhance students' communication 
skills. Students have to learn how to collect necessary information, how to 
organize the ideas in a clear and logical way and how to present them with a 
forceful strategy. As a result, a lot of student-student interactions and discussions 
would be promoted. However, CDC chemistry subject committee (1998) reported 




The second probable reason is related to how students learn chemistry. Hong 
Kong students believe the chances of schooling and the qualities of their 
subsequent life were determined primarily by performances on a series of 
examination (Morris, 1997; Morris, McClelland & Wong, 1997). The major aim 
of learning for many students is tackling tests and examinations since they believe 
the test or examination results are very important and related to the chances of 
their further study. Moreover, many students believe that schooling is the only 
readily available route in order to achieve higher social status and better life 
qualities. Thus, many students only aware and acquire the ‘valid knowledge', such 
as the content covered in the examination syllabus (Morris, 1997). As a result, 
students try to ‘learn, as much 'valid knowledge' as they can, even by rote 
learning, memorizing and with little understanding (Cheng, 1995; Gong, 1997). 
However, educators criticized these types of learning strategy and believed that 
only low quality outcomes and superficial learning would be resulted (Lai, 1994; 
Marton & Saljo, 1976). 
Moreover, practical classes are supposed to enhance students' inquiry skills, 
such as manipulative skills, use of evidence and analytical skills. Students are 
expected to develop science process skills, such as observing, hypothesizing and 
measuring. However, most of the practical exercises assigned for students are 
recipe-type lab activities rather than inquiry-based experiments. CDC (2000) 
pointed out that over-reliance on recipe-type practical work would hinder the 
development of students' problem solving capabilities. 
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Many practical works provided by textbook authors are not inquiry-based. For 
example, Chung (2003, p.95) asked students to perform a practical exercise in 
order to learn more about redox reaction: 
1) Pour 4 crn of iron (III) sulphate solution into one test tube 
2) Pour 4 crn of iron(II) sulphate solution into each of two other test tubes 
3) Add 10 drops of dilute sodium hydroxide solution to the iron(III) sulphate 
solution 
4) Add 6 drops of bromine water followed by 10 drops of dilute sodium 
hydroxide solution to the other test tube of iron(II) sulphate solution 
5) Record your observations 
Chung (2003) asked students to investigate factors affecting the order of 
discharge of ions during electrolysis. The author well-designed three sets of 
experiments for students to investigate three different factors: 1. the position of 
ions in the electrochemical series, 2. the effect of concentration of ions in the 
solution, and 3. the effect of the nature of the electrodes. 
However, a good inquiry-based experiment should ask students to decide and 
design their own experiments in order to demonstrate and prove the change of 
oxidation state and factors affecting the order of discharge of ions during 
electrolysis. 
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Furthermore, when students solve the end-of chapter problems, they are more 
like doing routine exercises than solving problems (Bodner, 1987). They do not 
have to think why they have to solve the problems, what the meanings are behind 
solving the problems, or whether there is any further problem in need of 
consideration. Students do not have a chance to explore beyond completing the 
problem solving task. Such repeated actions make students work in a robot-like 
fashion, failing to generate interest in learning. For instance, students were asked 
to name any alloy and to state the use of it (Heyworth, 1999). Students can easily 
extract the exact answers from the chapter since they have learned making 
jewellery with brass, making aircraft with duralumin, making jet engines with 
titanium, joining wires in electrical circuits with solder, and making cutlery with 
stainless steel, etc. In answering the question, students do not have to gather any 
information from other resources but to copy the answers straight from the 
textbooks. They are neither required to learn why stainless steel is good for 
making cutlery nor what else could stainless steel can make apart from cutlery. 
When it comes to solve quantitative chemistry problem, the students are 
even worse. Bodner (1987) believed that if students know what to do when they 
read a question, it is an exercise not a problem. In solving such kind of routine 
questions or exercises, students have adopted strategies that can be followed more 
or less automatically. Many teachers assume that if students are able to solve 
questions, it implies that they understand the concepts. However, this assumption 
may be wrong (Lythcott, 1990; Nurrenber & Pickering, 1987). Students may 
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manage to solve chemistry problems by algorithmic strategies but they do not 
really understand the concepts involved 
In short, the Hong Kong secondary chemistry curriculum was designed to 
develop students' understanding of chemical knowledge and problem solving 
skills. However, many studies showed that students did not learn chemistry 
concepts with deep understanding and had many misconceptions even after 
teacher instruction. When students were asked to analyze chemistry problems, 
they also showed unsatisfactory problem solving skills. In this study, the 
effectiveness of Problem Based Learning (PBL) to enhance students' learning of 
chemistry was investigated. 
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2.5 Nature of Problem Based Learning 
In 1996, Barrows of McMaster University first introduced PBL to his medical 
students (Barrows, 1985; Barrows & Tamblyn, 1980). Barrows found that his 
medical students had sufficient ability to memorize facts and principles but they 
had inadequate ability to apply the knowledge to solve problems in real-world 
clinical settings. Similarly, the graduated medical students found themselves 
incompetent in solving problems and making decisions in the real world clinical 
settings. So these students were believed to be inadequately equipped for 
graduation. As a result, Barrows designed an innovative teaching-learning method 
to overcome some of the shortcomings of the didactic instruction with the goal of 
enhancing his students' overall abilities. He designed a series of problems that 
went beyond traditional case studies. He did not give students all the information 
but required them to research in a given scenario, develop appropriate questions, 
and come up with their own plan to solve the problem. This was the first example 
of PBL. 
Many educators (Barell, 1995; Barrows, 1988, 1996; Checkley, 1998; Delisle, 
1997; Woods, 1997; Yuen & Lee, 2000) defined PBL as a teaching-learning 
method which uses real-life problems as the context in order to initiate students' 
motivation, interests of learning and in-depth investigation of core content. These 
real-life problems are ill-structured and they include just enough information for 
students to proceed their investigations, but they never have enough information 
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for students to solve the problems. These problems must be solved by inquiry 
process and reasoning skills. Moreover, the ill-structured problems do not offer 
clear-cut or absolute answers (Woods, 1997), they rather reflect the real-world 
complexity. PBL is initiated in a classroom when students meet a problem that 
they must analyze and apply self-learned knowledge in order to solve it (Barell, 
1995; Delisle, 1997; Grasha, 1996; Stepien, 1998). Students are expected to make 
observations, build hypotheses, define learning issues, collect data, evaluate 
hypotheses through critical thinking, develop solutions and justify solutions (Barg 
et al. 2000). Woods (1997) emphasized that students' task is to discover what they 
need to know so as to solve the problems. PBL is ‘student-directed，，and thus PBL 
teachers are facilitators who help students to understand their own thinking and 
guide them to search new information. As a result, students become better 
problem solvers because they hone their skills such as reasoning, collaboration, 
and persistence. 
There are four major features in PBL (Stepien, 1998; Torp & Sage, 1998): 
1) learning begins when students meet a situation containing a problem; 
2) the problem is always set in a real-life situation, that is ill-structured, open-
ended and ambiguous; 
3) students are engaged as stakeholders in a problem situation; and 
4) facilitators are committed to initiate the students' thinking, guide students' 
inquiry and facilitate deeper levels of understanding, not directing them 
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2.6 Differences between Problem Based Learning and other teaching methods 
Traditionally, teaching is often conducted in a teacher-centred mode (Yuen & 
Lee, 2000). Hessami (1994) explained that it is a method of content delivery; 
students attend classes and take notes. Teaching is defined as transmission of 
knowledge which learning is defined as acquisition of knolwege (Bridges & 
Hallinger, 1996). Moreover, Bridges and Hallinger (1996) believed that one of the 
major differences between PBL and the didactic teaching method is that didactic 
teaching-learning method is transmission of knowledge but PBL is concerned with 
the acquisition of knowledge. The design of didactic instruction is based on the 
following assumptions: 
• the knowledge is relevant to the learners' future professional role; 
• learners will be able to recognize when it is appropriate to use their newly 
acquired knowledge; 
• application of knowledge is simple and straightforward; 
• context in which knowledge learned has no bearing on subsequent recall or 
use; and 
• knowledge is learned most effectively when it is organized around the 
disciplines and taught through lecture and discussion 
On the other hand, PBL normally occurs within small groups of students 
facilitated by a facilitator (Aspy, Aspy & Quimby, 1993; Bridges & Hallinger, 
1991). PBL is also considered as a student-centered process. Students acquire 
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necessary knowledge on their own by self-study, under some supervision from the 
teacher (Hessami, 1994). Therefore, students foster the skills needed for life long 
learning (Jones et al., 1997). Duch (1995, p.l) pointed out that PBL, “at its 
fundamental level, is an instructional method characterized by the use of ‘real 
world’ problems as a context for students to learn critical thinking and problem 
solving skills and acquire knowledge of the essential concepts of the course ”. 
Moreover, it is believed that the design of PBL is based on 'knowing and doing' 
(Bridges & Hallinger, 1996). Both knowledge and the ability to use the knowledge 
are equally essential. It is believed that PBL learners perform better if: 
• learners' prior knowledge is activated and they are encouraged to incorporate 
new knowledge into their pre-existing knowledge; 
• learners are given numerous opportunities to use it; and 
• learners encode the new knowledge in a context that resembles the context in 
which it subsequently will be used 
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The following table summarizes the key differences between the didactic 
instruction and PBL (Yuen & Lee，2000). 
Table 2 . 2 - Differences between PBL and didactic instruction 
Domain Problem-based Learning Didactic instruction 
Learning goal and Students directed Teacher directed 
activities 
Teacher's role Coach, facilitator Expert and dispenser of 
knowledge 
Student's role as a learner Active Passive and reactive 
Assessment Project-based assessment Knowledge-centered 
assessment 
Learning outcomes Critical thinking, higher Learning of facts and 
/goals targeted level thinking, values 
metacognition 
Nature of learning tasks Open-ended, connected to Closed-ended, well-
real world situation defined content, distanced 
from real world situation 
Kain (2003) distinguished the differences between project learning and PBL 
clearly. The major difference between these two teaching-learning methods is a 
matter of focus. The project learning experience focuses on the outcome or 
product. The learning process of project learning from the start actually focuses on 
the product. In contrast, PBL focuses on the process of inquiry. Students in PBL 
investigate the puzzling situation 
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Kain (2003) also distinguished the differences between PBL and case studies 
which are popular in many professional education programs. Case studies are 
mostly presented as narratives, sometimes as brief as a paragraph, sometimes as 
long as a book chapter. Traditionally, students read and reflect on a case study, 
often writing responses, before engaging in a discussion with tutors and peers. The 
case study authors frequently include discussion questions to focus the learners' 
attention, but the centerpiece of learning is the discussion itself. In contrast, PBL 
provides the learners with a series of artifacts that are not collapsed into a 
narrative summary. Learners must examine the documents, determine the nature 
of the problem, and propose an actual solution. Following this, a discussion 
similar to the case study ensues. Table 2.3 summarizes the differences between 
PBL, project learning and case studies. 
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Table 2.3 - Differences between PBL, Project learning and Case studies 
Phases PBL Project Learning Case Studies 
First phase Meeting the problem First-story intellect: Key concepts 
Gathering activities 





- V i s i t 
- Search Internet 
Second phase Defining the problem Second-story intellect: Content/Disciplines 
Processing activities 




- Develop a 
prototype 
Third phase Gathering the facts Third-story intellect: Compelling narrative 
- Knew Applying activities 
- Need to know - Try 
- Need to do - Test 
- Evaluate 
- Revise 
- Repeat the cycle 
- Showcase 
Fourth phase Hypothesizing Facts 
Fifth phase Researching Small group discussion 
Sixth phase Rephrasing the problem Debriefing 
Seventh phase Generating alternatives Follow-up 






CDC (2002) emphasized that STS attempts to help students realize that 
science is useful in their everyday lives, it also enhances students' curiosity about 
the objects, events and issues around them and develop their understanding of the 
interactions between science, technology and society. Yip (1994) explained that 
STS explores the social responsibility of scientists and citizens on the environment, 
the decision-making on social issues of local and global concerns as an informed 
citizen and the values and ethics on the impact of science on the quality of life. 
Gallagher et al. (1995) distinguished Science/Technology/Society (STS) from 
PBL. STS is a problem-solving programe which focuses on using technology as a 
connector between science and society. On the other hand, PBL in classrooms has 
been extended beyond the discipline of science and into other areas including 
history and art (Stepien and Gallagher, 1993). PBL must initiate learning with a 




2.7 Development of Problem Based Learning units 
Savery & Duffy (1995) emphasized that the design of PBL should be 
consistent with the principles of instruction arising from constructivism. Such 
principles are 'understanding our interactions with the environment', 'cognitive 
conflict or puzzlement is the stimulus for learning and determines the organization 
and nature of what is learned', and ‘knowledge evolves through social negotiation 
and through the evaluation of the viability of individual understandings'. Thus, the 
principles of PBL derived from constructivism include six areas: 
1) anchoring all learning activities to a larger problem, selecting content and 
skills 
To select content objectives, teachers should refer to the developed curriculum. 
It should be in line with the curriculum frameworks, such as what students would 
be expected to know and do by the end of the course. Then, teachers should 
determine what students should be able to do by the time the problem is solved 
and how the problem could help students acquire those skills. 
2) supporting the learner in developing ownership for the overall problem, and 
determining availability of resources 
While students working on the self-learning process, they need a lot of 
references. Teachers should avoid the situation of insufficient learning resources. 
They should generate lists of related resources and ensure the availability. These 
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kinds of resources can be located in school library, public libraries, internet and 
even from the teachers themselves. 
3). giving the learner ownership of the process and use it to develop a solution, 
and writing a problem statement 
Owing to the fact that the students would work harder on a problem that is 
closer to their daily lives or something they care about, the problem should be 
relevant to the experiences of students. Such kinds of experiences may come from 
students' home or cultures or their peer groups, or they may come indirectly from 
TV, radio or movie, or they may be simply the result of school experiences. Good 
problem should creatively combine students' lives and what they see and do 
everyday with topics from the course syllabus. It should not be so rigid with just 
one definite solution, one way of reaching solution, or one way of instruction. A 
problem should also promote the acquisition of appropriate skills and content 
knowledge from a variety of disciplines. A problem could include material not 
normally studied if it helps students in building important skills or leads them to 
important information. Unlike traditional thinking exercises, PBL should be 
designed that students must think through information they already have, research 
additional information and interpret both old and new knowledge. 
Ram (1999) elaborated that a PBL problem must reflect real world situations, 
it could generate multiple hypotheses, it exercises problem-solving skills and 
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requires creative thinking, it requires knowledge and skills that satisfy curricular 
objectives, and it integrates and contains components of more than one discipline. 
4). designing an authentic task and a learning environment which reflect the 
real world complexity and support and challenge the learners' thinking 
Once the problem is designed, teacher has to introduce it to students. A good 
introduction should arouse students' attention and motivate them to start the 
process. The greater the students' involvement in an issue, the greater their 
investment in its solution and the harder they will work. 
5) encouraging testing ideas against alternative views and alternative contexts, 
and developing a focused question 
Teachers should develop a question in the PBL problem that helps students to 
become interested in the problem and focus on their tasks. 
6) providing opportunity and support reflection on both the content learned 
and the learning process, and determining an evaluation strategy 
All of the assessment tasks completed during the unit should be authentic and 
similar to those tasks naturally performed by the problem solver, and thus the 
students are emulating in the situation. Therefore, authentic assessment tasks 
should be designed and based on five areas: 
i) the tasks should look and feel like real-world scenario and not like tests. 
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ii) the tasks should involve higher order thinking and reasoning skills, including 
metacognition 
iii) the tasks should involve the use of rubrics for evaluation developed by the 
students and coach prior to each assessment 
iv) the tasks should identify learner strengths as well as areas that need 
improvement 
V) the tasks should encourage self-assessment 
Dolmans (1997) listed six principles of effective problem design for a PBL 
curriculum. First, the contents of a problem should adapt well to students' prior 
knowledge. Second, a problem should contain several cues that stimulate students 
to elaborate. Third, a problem is preferably presented in a context that is relevant 
to the future profession. Fourth, a problem should stimulate self-directed learning 
by encouraging students to generate learning issues and conduct literature 
searches. Fifth, a problem should enhance students' interest in the subject-matter, 
by sustaining discussion about possible solutions and facilitating students to 
explore alternatives. And sixth, a problem should match one or more of the 
curriculum objectives. 
Some of the aforementioned characteristics were similar and consistently 
believed by different educators. For example, the PBL problem should match with 
the curriculum objectives. The PBL problem should also be presented in relevant 
context and it should reflect the real world complexity. On the other hand, some of 
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the aforementioned characteristics were uniquely identified. For example, 
Dolmans (1997) emphasized the consideration of students' prior knowledge and 
the PBL problem should include the stimulating cues. Savery & Duffy (1995) 
pointed out the importance of the arrangement of learning resources and 
appropriate assessments. They also emphasized the PBL problem should include a 
focus question. 
The following two PBL problems were some good examples quoted and 
which included important design characteristics. 
Coleman et al., (1992) quoted an example that their fifth-grade students 
encountered a real-life problem. Students' role in the problem were acted as the 
highway patrol supervisors, they were called to the site of a traffic accident that 
had closed the only bridge on the main highway through a small city. At the scene, 
the students find a monumental traffic jam caused by an overturned truck pouring 
a liquid onto the road's surface. There was a small sign on the truck with 
"Corrosive" written on it. The liquid from the truck was running into the creek 
under the bridge and causing a white cloud to rise from the water. The fifth 
graders were given with a problem, 'What should you do about the leaking 
liquid?. 
The setting of this problem is so real that students would easily develop their 
ownerships. Students have to act as the roles of problem solvers for such real 
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world complex problem. (Students' roles in the problem were acted as the 
highway patrol supervisors...) The problem also contains many stimulating cues 
for students to learn on their own and thus to explore alternative resolutions. 
(Corrosive) (White cloud) (What should you do about the leaking liquid?) 
Delisle (1997, p.49) presented 'Oh, my aching stomach' to the 1 grade 
chemistry students, "Several of your relatives or other people you know had 
problems with upset stomachs or indigestion and had gone to their doctors. Their 
doctors told them that their upset stomach or indigestion was caused by too much 
stomach acid, and they prescribed over-the-counter antacids. Your relatives, 
however, were confused. They really did not understand acid and antacid and did 
not know which product to choose. You and your group are to help them 
understand what was happening in their stomachs and how to go about choosing 
the right product. ” 
The setting of this problem is so real that students would easily develop their 
ownerships. Students have to act as the roles of problem solvers for such real 
world complex problem. (Your relatives have upset stomachs or indigestion...) 
The problem also contains many stimulating cues for students to learn on their 
own and thus to explore alternative resolutions. (You have to help them to 
understand acid and antacid...) (You have to help them to choose the right 
product...) 
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2.8 Implementation of Problem Based Learning in classroom 
Implementation is the process of putting into practice an idea, program, or set 
of activities and structures new to the people attempting or expecting to change. It 
is critical as it is the means to accomplish desired objectives. 
During the PBL process, there are different phases and within each phase there 
are different steps. Students usually work in small groups with a facilitator. It is 
normally designed in three phases and each step of the phase serves a specific 
purpose (e.g., Bloomfield, Dahl & Paasch, 1996; Delisle, 1997; Fogarty, 1997; 
Torp & Sage，1998; West, 1992; Wood, 1997). 
Phase One (Meeting the Problem, Identifying what we know and what we need 
to know, Defining the problem statement) 
During the first session, facilitator starts by briefing the real-life, open-ended 
and ill-structured problem. Students start to discuss the problem as a stakeholder, 
clarifying terms and concepts not readily apparent. Then the group proceeds to 
brainstorming and to generate hypotheses necessary to analyze the problem. The 
identified "Learning issues" focus on what the students “do not know" and "need 
to know" in order to solve the problem. These ‘‘learning issues" serve as a guide 
for searching and studying the literature or other reference sources. Facilitators 
assist students to prioritize them. Each student would be assigned different 
responsibilities in accomplishing these learning issues. 
5 4 
Phase Two (Gathering and sharing information, Generating possible solutions, 
Determining the best fit of the solutions) 
Days in between the first session and second session are mainly served as 
literature and references searching period. Students attempt to increase their 
understanding of the issues and concepts in their problem. They start to do 
intensive self-learning as to research data and gather more information, such as 
reading textbooks, conducting personal interviews, surfing the internet, browsing 
the library, visiting sites and searching for related topics. 
Phase Three (Presenting the solution, Debriefing the problem) 
Students are responsible to present what they know, how they come to know it, 
and why. They are also responsible for building a solution, complete with 
rationale or justification, expressed in a fashion that is authentic to the role the 
student has taken up. After students have completed and presented their solutions, 
a debriefing is conducted by the facilitator to help students to deepen and extend 
their understanding of concepts and skills encountered. During this phase, 
facilitator and students review complex ideas, discuss insights into the problem-
solving process, conduct self-assessments and assessment of the small-group work, 
and focus on metacognitive skills. 
The facilitator plays an important role during the implementation of PBL. He/ 
she is a metacognitive coach (Gallagher & Stepien, 1995). Instead of being an 
expert or didactic instructor, the facilitator should help students in understanding 
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the questions to ask during problem definition, information location, analysis and 
synthesis, and to sort through potential interpretations and /or resolutions. 
Gallagher (1997) summarised 13 guidelines: 
1) the facilitator's interactions with the students should be at a metacognitive 
level; 
2) the facilitator must carefully guide the students through all the steps of the 
particular learning process required; 
3) the facilitator must push the student to a deeper level of understanding and 
bring out the knowledge that is embedded in the student's mind; 
4) it is essential that the facilitator avoid expressing an opinion concerning the 
correctness or quality of any student's comments or contributions; 
5) it is also essential that the facilitator avoid giving information to the students; 
6) discussions between students, comments, and criticisms of each other ideas or 
knowledge must always be encouraged; 
7) the facilitator must be certain that all students contribute to the group's 
activities; 
8) the facilitator should prevent discussions from being only between the 
facilitator and students; 
9) challenges, particularly those on the order of "Are you sure you are right?" or 
“Are you comfortable with that decision?" should be given to students when 
they are correct as often as when, in the mind of the facilitator, they are 
incorrect in their opinions or statements; 
5 6 
10) the facilitator should modulate the challenge of learning to somewhat between 
boredom and being hopelessly over-challenged by learning tasks; 
11) the facilitator must monitor the quality of each student's educational progress; 
12) the facilitator needs to be aware of potential interpersonal problems in the 
group and make the interventions necessary to maintain an effective group 
process to which all contribute; and 
13) none of these tutorial activities should become the sole task of the facilitator, 
he/ she must constantly work towards getting the group to take on 
responsibility for the group learning process 
The study conducted by Stepien (1998) used a PBL problem which focused on 
the protection of habitat for northern spotted owls in the Pacific Northwest. 
Students' role was to act as the forest rangers at a simulated national park in 
Oregon, they were trying to determine what might have happened to five pairs of 
spotted owls. These five pairs of spotted owls have been nesting in the park for the 
last few years but this year the owl inventory team was having difficulty in finding 
any trace of them. 
During the first class period of the problem, students look over maps of their 
park, read the owl inventory team's memo describing their search results, and then 
begin to form hypotheses that might account for the missing owls. The inferences 
in each hypothesis are supported with available facts. As students prepare 
hypotheses, they simultaneously develop a list of questions and issues to be 
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investigated that will lead them to a deeper understanding of the forces at work in 
their problem. 
During the investigation of issues, students organize themselves into research 
teams around questions related to the owls' diet, migration patterns, range 
requirements, predators, the criteria for nesting site, reproductive habits, and 
reactions to conditions brought about by lumbering practices in the park. After 
two days in the school's resource center, where the librarian is ready to mentor the 
apprentice investigators in the skills needed to uncover and organize relevant 
information. The students prepare briefing sheets for their classmates on each 
question they have investigated, with the sheets becoming an assessment of the 
progress of each research team. 
Armed with their new information, students are ready to reassemble as a large 
group and begin critically evaluating the hypotheses they prepared on the first day. 
During large-group discussion, students present data, revise hypotheses, conduct 
additional information searches around new questions, which are held to rigorous 
standards for critical thinking as they zero in on conclusions about the owls' 
disappearance. As a part of the inquiry phase, their teacher might even insert a 
laboratory experience around the dissection and analysis of owl pellets to help 
with the identification of the elements of owl's diet or show students how to 
mathematically model the life cycle of owls when they inquire about the owls' 
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population stability. Once the components of the problem have been identified, the 
students' attention turns to considering appropriate solutions. 
Most of the previous PBL studies only described their implementation 
processes in story-telling format but they hardly empirically investigated the 
probable factors affecting the implementation. Pearson (1996) analyzed his group 
of fourth grade gifted and talented students' responses over using PBL, from the 
first problem to the fifth. After the implementation of the first problem, the 
general attitude was negative. Students felt competitive, lack of access to the 
materials, frustrated about communicating with their teammates, frustrated by 
what they perceived as failure; and so frustrated that some just wanted to give up. 
Some of the students said, "I hate it". After the implementation of the second 
problem, students' anxiety and frustration level decreased. Some of the students 
said, “I got very frustrated at the beginning, but it got better"; “I like it a lot better. 
It was a lot more fun". After the implementation of the third problem, all the 
written comments were positive, except one. After the implementation of the 
fourth problem, even the most skeptical student decided that these problems were 
not so bad after all. All the students greeted the last (fifth) problem with interest 
and enthusiasm. The results of this implied that students' initial frustration might 
have affected the implementation process, such as they did not immerse 
themselves into the learning style and they did not completely take up their roles. 
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2.9 Effects of Problem Based Learning on students，learning 
PBL is a teaching-learning method that places emphasis on students' learning 
interests (Dunn & Phillips, 1998) and motivates learners to assume their learning 
responsibilities (Achilles & Hoover, 1996). Students are expected to learn critical 
thinking skills while learning essential knowledge of the subject matter of a 
particular discipline(Achilles & Hoover, 1996). PBL also helps to develop 
students' inquiry ability in the reasoning process (Ram, 1999) and problem 
solving strategies. These are achieved by placing students in the active roles in 
problem solving and confronted them with practical problems. Students are also 
expected to acquire life long learning skills, such as the ability to find and use 
appropriate learning resources (Ram, 1999), self-directed learning skills (Achilles 
& Hoover, 1996) and information management skills (Mpofu et al., 1998). Team 
working skills are also expected to be improved (Achilles & Hoover, 1996), which 
include communication skills and interpersonal skills (Kaufman, 1985; Schmidt, 
1993; Tipping, Freeman & Rachlis, 1995). Evaluation skill is yet another positive 
effect gained from PBL, which is essential for self-improvement (Ram, 1999). 
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2.9.1 Understanding of subject matter knowledge 
According to Bloom's taxonomy, understanding should include the first two 
levels. The first level ‘knowledge’ is remembering an idea, material, or 
phenomenon in a form very close to the one was originally encountered. The 
second level ‘comprehension’ is understanding the literal message contained in a 
communication. 
Stepien, Gallagher & Workman (1993) compared their Problem Based 
Learning students (Science, Society and Future) with didactic instruction students 
(American Studies), at Illinois Mathematics and Science Academy, on their 
content knowledge understanding by means of end-of-chapter questions. Results 
showed that Problem Based Learning students understand as much, if not more, 
content knowledge than didactic instruction students. 
Gallagher and Stepien (1996) conducted a study to examine the differences of 
content knowledge understanding in high school history between Problem Based 
Learning students and didactic instruction students. Four groups of talented 
students (one group used PBL) were tested on the typical content and concept 
multiple-choice questions at the beginning and at the end of the year. The tests 
aimed to examine the growth in content knowledge understanding. Pre-test results 
showed that all 4 groups of students understood similar amount of information. 
Post-test results showed no significant differences between Problem Based 
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Learning students and didactic instruction students, which meant that they all 
understood similar amount of content. 
Despite of the negative findings of the previous studies (Eisenstaedt, et al. 
1990; Albense & Mitchell, 1993; Vernon & Blake, 1993; Gallagher & Stepien， 
1996), Dods (1997) examined the understanding of Biochemistry content 
knowledge of three different groups of students, namely 'pure Problem Based 
Learning', ‘combination of Problem Based Learning and didactic instruction' and 
‘pure didactic instruction'. Dods focused on the question of whether content 
knowledge encountered in a Problem Based Learning experience was better 
understood. Thirty talented secondary Biochemistry students were asked to 
respond to five surveys in which they rated their understanding of specific content 
terms. Pre- and post-test data were collected. Furthermore, the facilitator 
administered four evaluations that measured students' depth of understanding of 
the content encountered in the biochemistry course. Students were instructed to 
respond to the term in writing so as to present their most in-depth understanding 
of the term. And such responses were evaluated by the instructor according to the 
level of understanding using a scale of 0-3. Results supported that PBL was more 
effective in promoting in-depth understanding of important content. 
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2.9.2 Students ’ problem solving skills 
According to Bloom's taxonomy, problem solving should include four levels, 
which are ‘application,, 'analysis', 'synthesis' and ‘evaluation,. 'Application 
refers to the ability to use learned material in new and concrete situations. 
'Analysis', refers to the ability to break down material into its components so that 
its organization can be understood. ‘Synthesis，，refers to the ability to put different 
parts together to form a new whole. ‘Evaluation’ refers to the ability to make 
judgements based on internal evidence and consistency and/ or clearly defined 
external criteria. 
According to cognitive scientists, academic skills, like all cognitive activities, 
are essentially problem solving in nature and are best acquired in PBL 
environments. Ben-Chaim et al. (1997) conducted a study to investigate the 
problem solving skills of their grade 7 and 8 mathematics students. They 
compared the performance of students who used PBL and didactic instruction. 
The answers provided by students were categorized into seven levels: 
1) correct answer without supporting work or reason; 
2) correct answer with appropriate supporting work or reason; 
3) correct answer with incorrect or inappropriate supporting work or reason; 
4) incorrect answer without supporting work or reason; 
5) correct thinking but incorrect conclusion; 
6) incorrect answer and incorrect reasoning; and 
7) no response 
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Some of the students were selected for the follow-up interviews. Students had 
to solve the problems with explanations and provide strategies used. Results 
showed that the PBL students outperformed the didactic instruction students in 
both seventh grade and eighth grade. PBL students showed greater frequency of 
providing correct answers with appropriate supporting procedures. They also 
showed broader, more flexible and effective problem solving strategies. PBL was 
proved to be an effective teaching-learning method in helping students to develop 
problem solving skills. 
Same group of educators performed a more detailed study in the following 
year, they compared seventh grade students' problem solving abilities in PBL and 
didactic instruction classes (Ben-Chaim et al., 1998). Students were given five 
different problems which focused on ‘rate of reaction' and were required to solve 
them with explanations. Results reported that the PBL students outperformed the 
didactic instruction students on individual problem and overall. More detailed 
supportive statements had also been concluded from this study. For instance, there 
was only a small percentage of PBL students provided correct answers but 
incorrect support work, or incorrect answers with incorrect support work. 
Gallagher, Stepien and Rosenthal (1992) examined a group of Maths and 
Science talented secondary students. Seventy-eight students studied Science, 
Society and Future (SSF) through PBL and 43 students studied it through didactic 
instruction. Pre-tests and post-tests were conducted in order to measure students' 
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problem solving abilities. The pretest problem used in the study was, 'increasing 
traffic flow has led to a significant increase in the number of accidents at a major 
intersection in your city, several deaths have occurred in recent years, what should 
the city do about it?. The post-test problem used in the study was, ‘Aurora is 
experiencing an increase in the crime rate, currently, 30% of the cases admitted to 
hospital emergency rooms are victims of violent crimes, compared with a rate of 
25% two years ago, what steps should the city take to find a solution to the 
problem?' Students were asked to outline the procedures of finding the solution, 
such procedures were categorized into six different steps. ‘Fact finding,, 'Problem 
finding', ‘Brainstorming,, ‘Solution finding,, implementation' and 'Evaluation'. 
Comparing the pre-test and post-test, PBL students showed significantly increase 
in the inclusion of 'problems finding' before they tried to solve the problems and 
significantly drop in the use of brainstorming. On the other hand, the didactic 
instruction students showed significant increase in the tendency to move directly 
from 'fact finding' to 'implementation', without thinking about the problem 
definition or considering any alternative solutions. After a year, Stepien, Gallagher 
and Workman (1993) conducted another similar study. Results revealed a 
significant increase in the use o f problem finding' by the PBL students. The 
follow-up questionnaire conducted in the study showed that more students 
understood the need of problem finding prior to the actual problem solving 
process. 
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2.9.3 Students，attitudes towards Problem Based Learning 
Research has confirmed that students generally show positive attitudes 
towards PBL. For example, Stepien, Gallagher and Workman (1993) asked their 
PBL students to complete a questionnaire. One of the open-ended questions 
focused on "What did you think about the PBL?" Students' responses reflected a 
great appreciation of the course, especially on the real world problem solving. 
Sage (1996) adopted semi-structured interviews with some of her eighth grade 
Problem Based Learning class students before, during and after the 
implementation of PBL. At the end of the PBL experience, some of the students 
said, “It got more interesting. We just started working with a solution and it was 
less boring than just sitting in a classroom listening to a speaker"; “I like this more 
than a regular class". 
Arambula-Greenfield (1996) adopted a Likert-style rating system to assess 
college science students' opinions of the didactic instruction and PBL. Results 
showed that students rated generally higher in PBL. Arambula-Greenfield (1996) 
also concluded from her study that students felt that they learned more with PBL 
and that what they learned was more useful to them. They enjoyed the learning 
process more and did not seem to mind the fact that it frequently required more 
time and work than traditional instruction. 
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Dods (1997) employed an eight-item questionnaire to evaluate a PBL 
curriculum. Questions such as “Did you find the course interesting?”，“Did you 
enjoy the course?", “Did you find that focusing on real biochemical problems 
made the course seem more relevant to your interests?", etc. Students had to rate 
each question on the scale of 5 (strongest affirmative response) to 1 (strongest 
negative response) in the last class. Dods reported that students found the course 
both enjoyable and interesting. The problems made the course relevant to the 
interest of the students and the students enjoyed working in a collaborative 
manner during the course. 
Johnson et al. (2002) evaluated third year nutrition science students' PBL 
experiences via a questionnaire. Students recorded strongly positive responses to 
statements about the PBL program, for example, 'I was able to identify the 
learning objectives', ‘PBL problems required more than memorizing facts', ‘I felt 
the time spent in PBL sessions was productive', ‘PBL sessions encouraged me to 
explore the topic more widely', ‘I learned from other students in my group' and ‘I 
have developed skills needed as a professional in this field'. However, some 
students reported experiencing a little difficulty in uncovering the learning 
objectives and working productively in a group. 
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2.10 Limitations of past PBL studies 
Many past PBL studies had unsatisfactory research design and thus their 
results should be interpreted cautiously. There are two major limitations. Firstly, 
the sample of students used in many previous researches was minority group of 
gifted and talented students. For instance, Gallagher, Stepien and Rosenthal (1992) 
and Stepien, Gallagher and Workman (1993) conducted research to compare PBL 
and traditional instruction. Unfortunately, the sample chosen for these two studies 
were gifted and talented students. The sample used by Gallagher and Stepien 
(1996) also involved talented and gifted students. Results of these three studies 
were difficult to be generalized because talented and gifted students generally 
have better learning capabilities than ordinary students. 
Secondly, the actual implementation of PBL was seldom monitored by 
researchers. For example, Ben-Chaim et al. (1998) admitted that they did not 
include any class observation during the implementation of PBL in classroom. It 
is very important to monitor the implementation process. The implementation data 
are critically important to evaluate the effectiveness of PBL. Researchers need to 
find out whether PBL unit was actually implemented. Unless the implementation 





3.1 Research design 
3.1.1 Sample 
One secondary 4 chemistry class with 40 students from a local grammar 
secondary school participated in the final study. This class was randomly divided 
into two groups. One group was treated with PBL and served as the experimental 
group and the other group was treated with didactic instruction and served as the 
control group. 
The chemistry teacher, Mr. Wang, and the researcher of this study took turn 
and performed the duty of the didactic chemistry teacher and the PBL facilitator. 
Mr. Wang taught the control group on the first topic ‘Redox’ and facilitated the 
experimental group on the second topic 'Electrolysis' with the PBL unit 
'Hydrogen fuel'. The researcher of this study facilitated the experimental group 
on the first topic ‘Redox’ with the PBL problem 'Wool damage' and taught the 
control group on the second topic 'Electrolysis'. Table 3.1 outlines the settings. 
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Table 3.1 Roles played by the chemistry teacher and the researcher 
Date Didactic Chemistry PBL The title of 
teacher topic facilitator the PBL unit 
03-15 Mar 2004 Mr. W a n g R e d o x Researcher Wool 
damage 
16-29 Mar 2004 Researcher Electrolysis Mr. Wang Hydrogen 
fuel 
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3.1.2 Development of Problem Based Learning units 
Two topics were chosen from the current secondary chemistry syllabus (CDC, 
2002) for this study, namely ‘Redox’ and 'Electrolysis'. The learning objectives 
recommended by CDC (2002) were covered by both PBL and didactic instruction 
groups. One of the main reasons of selecting these two topics was Mr. Wang's 
availability and his school's permission. Mr. Wang only had free time after the 
secondary five and secondary seven students left the school for public 
examinations. According to Mr. Wang's teaching schedule, that was the time he 
just finished the topic 'Chemical cells' and was going to start 'Redox' and 
‘Electrolysis,. Another reason of selecting these two topics was the feasibility of 
modifying these two topics into PBL format. The contents of these two topics 
were less abstract and more related to daily life. 
An extensive review of the literature of PBL was done. The design and 
development of the PBL packages were based on the guidelines suggested by 
PBL educators (e.g. Delisle, 1997; Dolmans, 1997; Ram, 1999), and the 
evaluation reports of two pilot studies. The details of the design and development 
were noted in the researcher's reflective journal. 
The first pilot study was done in August 2001. The major purpose of running 
the first pilot study was to provide Mr. Wang an opportunity to experience PBL. 
Mr. Wang randomly chose twelve students whom were going to be promoted to 
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secondary four science class in September 2001. Mr. Wang suggested to use the 
chemistry topic ‘rusting and corrosion' for the first pilot study since it is a 
relatively easy chemistry topic. But he mentioned that he will not use 'rusting and 
corrosion' in the later studies due to the difficult logistic arrangement. The PBL 
unit ‘Spectacle frame' was developed. Mr. Wang facilitated the first pilot study 
and it was successfully completed within three days. The evaluation report written 
by the researcher is shown in Appendix 1. Several areas of improvement were 
identified. For example, the students should explain the PBL problem in their own 
words so as to ensure that they understood the problem thoroughly. To facilitate 
brainstorming, students should also be asked to explain the importance of the 
identified keywords. Relevant previous should be emphasized. Moreover, the 
facilitator should explain the importance of the presentation and peer-learning, he 
could also introduce some useful presentation skills to the students. Revisions 
were made according to the comments and suggestions. 
Two PBL units, namely 'Wool damage' and 'Hydrogen fuel', were developed 
for the second pilot studies on the chemistry topics ‘Redox’ and 'Electrolysis'. 
Two PBL experts evaluated both PBL packages and shown in Appendix 2. One 
PBL expert commented that the student's package should be more user-friendly 
and it should include the reasons why and how they will benefit from PBL. She 
also mentioned that it is not necessary for teacher's activity to be included in the 
student's package. Another PBL expert commented that there was too many 
directions and input by the facilitator and the problems read like text-book 
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exercises. He emphasized that the problems must be written in the first person. He 
also pointed out that the students should not read the learning objectives. 
Moreover, he suggested that the students need to be briefed on the idea of the 
PBL process, the roles they play and what is expected of them. 
According to the experts' comment, ‘Wool damage' and 'Hydrogen fuel' were 
revised and then used in the second pilot study in May 2001. The second pilot 
study was conducted by Mr. Wang with two classes of secondary four chemistry 
students. One class of 40 students received PBL as experimental group and the 
other class of 40 students received traditional instruction as control group. The 
evaluation report written by the researcher is shown in Appendix 3. Several areas 
of improvement were identified. For example, the time management of each 
session and between sessions should be considered carefully, therefore a well-
planned calendar was very essential. The major role of the facilitator was not to 
correct the student's ideas but to guide them to find out the correct concept. 
Revisions were made in order to overcome the found shortcomings. 
Before the implementation of the final study, all three PBL packages, 
'Spectacle frame, 'Wool damage' and 'Hydrogen fuel’，were evaluated by the 
chemistry curriculum expert and the PBL expert. Details of the evaluation are 
reported in Chapter Four. The finalized student's package of ‘Spectacle frame' 
was designed and developed as shown in Appendix 4. The finalized facilitator's 
package of ‘Spectacle frame' is shown in Appendix 5. They were used in the final 
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study for the trial purpose. Both students and facilitators gained hands-on 
experiences of PBL. The finalized student's package of ‘Wool damage' is shown 
in Appendix 6 and the facilitator's version is shown in Appendix 7. They were 
used in the final study for the teaching and learning of the chemistry topic 
‘Redox,. The finalized student's package of'Hydrogen fuel’ is shown in 
Appendix 8 and the facilitator's version is shown in Appendix 9. They were used 
in the final study for the teaching and learning of the chemistry topic 
‘Electrolysis,. 
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S.1.3 Implementation of Problem Based Learning units 
There was an orientation session arranged in Feb 2004 for the PBL group and 
the facilitators. It started with explaining the purposes of the study, the 
philosophies of PBL, the student's role, the facilitator's role, the student's 
assessment, etc. Since the students just learned the chemistry topic 'Corrosion', a 
mini-scale PBL using 'Spectacle frame' was conducted, and thus the students and 
the facilitators gained some hands-on experiences from this trial session. For 
instance, the students experienced generating learning issues, searching 
information, self-learning, presenting and peer-learning. The facilitators 
experienced asking students open-ended questions, categorizing learning issues 
into learning areas and not didactic teaching. 
The final study started in March 2004. Table 3.2 shows the calendar of the 
whole process. There were two PBL units, covering two topics namely ‘Redox’ 
and ‘Electrolysis,. Each PBL unit was completed within ten sessions. Students 
met the problem and identified the learning issues in the first and second sessions. 
They conducted their self-learning and then prepared their presentations in the 
third and fourth sessions. The fifth and sixth sessions were used for the purposes 
of students' presentation and peer-learning. Further learning issues were 
generated and students spent the seventh and eighth sessions on their self-learning. 
Finally they presented and peer-learned the last part of information during the 
ninth and tenth sessions. 
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The didactic instruction group started the same topic at the same time and 
completed at the same time. Both groups completed both selected topics within 
twenty sessions. 
Table 3.2 - Calendar 
Date of implementation PBL Didactic instruction 
Aug 2001 First pilot study - ‘ Spectacle 
Frame' 
May 2002 Second pilot study-‘Wool 
damage' and 'Hydrogen fuel' 
Jan 2004 Pre-test on 'Bonding' and Pre-test on 'Bonding' and 
'Reactivity' 'Reactivity' 
27.02.04 Orientation of PBL 
Final study (Trial)-
'Spectacle frame' 
03.03.04 Redox - Wool damage Redox 
I't and 2nd sessions Meet the problem; identify Electrochemical cell and 
learning issues and selecting definitions of oxidation and 
self-learning area reduction 
05.03.04 Self study and prepare Oxidation number 
3rd and 4th sessions presentation 
08.03.04 Presentation and peer- Definition of redox in terms 
5th and 6th sessions learning of oxidation number, 
oxidation chart, oxidizing 
agent and reducing agent. 
10.03.04 Self study on further learning Balancing of redox reaction 
7th and 8th sessions issues and prepare 
presentation 
15.03.04 Presentation and peer- Prepared practical exercises 
9th and IQth learning 
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Table 3.2 Continued 
Date of implementation PBL Didactic instruction 
16.03.04 Electrolysis - Hydrogen fuel Electrolysis 
1 St and 2nd sessions Meet the problem; identify Different terms related to 
learning issues and selecting electrolysis 
self-learning area 
19.03.04 Self study and prepare Electrolysis of molten 
3rd and 4th sessions presentation compounds and different 
concentration solution 
23.03.04 Presentation and peer- Electrolysis using different 
5th and 6th sessions learning electrodes and Hofmann 
Voltameter 
24.03.04 Self study on further learning Application of electrolysis 
7th and 8th sessions issues and prepare 
presentation 
29.03.04 Presentation and peer- Prepared practical exercises 
9th and IQth sessions learning 
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3.2 Development of instruments 
The first research question of this study was about the important 
characteristics of an effective PBL unit in secondary school chemistry. Two 
instruments were developed. First, an extensive review of the literature was 
conducted to identify the important characteristics and then an evaluation form 
was developed and used to collect feedback from a chemistry curriculum expert 
and a PBL expert. Second, the researcher wrote reflective journal which noted her 
experiences during the design and development stage. 
To collect data for answering the second research question, video recording, 
informal debriefing by Mr. Wang after each session, researcher's reflective 
journal and a post-treatment semi-structured interview with Mr. Wang were used, 
Video recording and informal debriefing collected data on Mr. Wang's 
implementations of both traditional instruction group and PBL group. The 
researcher's reflective journal collected data on the researcher's implementation 
of both groups as well. During the semi-structured interview, Mr. Wang was 
asked a number of open-ended questions to reflect on the factors affecting his 
implementation of PBL in school. 
To answer the third research question, three types of achievement tests were 
developed. Students' pre-treatment scores were collected by means of their 
previous chemistry examination on topics 'Bonding' and ‘Reactivity’. It was a 
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two-hour examination and consisted of multiple choice questions (weight 40%) 
and structured questions (weight 60%). A multiple-choice test was developed to 
collect data on students' understanding of their newly acquired chemistry 
knowledge. Thirty multiple-choice questions were adapted from previous HKCEE 
multiple-choice papers (Appendix 10). Fifteen of them focused on the learning of 
'Redox' and fifteen of them focused on 'Electrolysis'. In addition, two structured 
‘Redox’ questions and two structured ‘Electrolysis，questions were adapted to 
collect data on students' problem solving skills. The content validity of these 
instruments was checked by a chemistry curriculum expert. 
A questionnaire (Appendix 11) was used for answering the last research 
question of this study. Eighteen items were used to assess students' attitudes 
towards PBL and they were adapted from some existing questionnaires (e.g., 
Arambula-Greenfield 1996; Dods, 1997; Jervis & Morris, 1996; Woods, 1997). 
There were six sub-scales and each of them consisted of three items. PBL 
students rated their preferences on each statement of attitudes towards PBL. The 
content validity of the questionnaire was checked by a chemistry curriculum 
expert. 
First, the sub-scale 'Attitude towards facilitator' consisted of three statements, 
no.3, 9 and 15. Since the facilitator played an important role in the PBL process, 
students' attitudes towards him affected their attitudes towards PBL. Second, the 
sub-scale 'Attitude towards generic skills' consisted of three statements, no.4, 10 
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and 16. Since PBL was believed to be an effective way to improve students' 
generic skills, students' attitudes towards their generic skills affect their attitudes 
towards PBL. Third, the sub-scale ‘Attitude towards self-learning, consisted of 
three statements, no.2, 8 and 14. Since it was the first time for most the students 
to self-learn, students' attitudes towards 'self-learning' affect their attitudes 
towards PBL. Fourth, the sub-scale 'Attitude towards peer-learning' consisted of 
three statements, no.5, 11 and 17. Since ‘peer-learning’ is another new learning 
method for most of the students, students' attitudes towards ‘peer-learning’ affect 
their attitudes towards PBL. Fifth, the sub-scale 'Degree of dislike using PBL’ 
consisted of three statements, no.6, 12 and 18. Sixth, the sub-scale 'Degree of 
liking using PBL' consisted of three statements, no.l, 7 and 13. 'Like' and 
‘dislike’ using PBL were the general attitudes and which affect the overall 
attitudes towards PBL. 
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3.3 Data collection 
The data for the first research question was collected from two sources: the 
researcher's literature review and the researcher's reflective journal. 
The data for the second research question was collected from three sources: 
the video recordings and the chemistry teacher's debriefing, the researcher's 
reflective journal, and the transcribed audio recordings of the chemistry teacher's 
interview. 
The data for the third research question was collected from three sources: the 
pre-treatment chemistry examination, post-treatment MC test and the post-
treatment problem-solving test. 
The data for the last research question was collected from one source on two 
occasions: in the middle, and at the end of the treatment. 
Table 3.3 summarizes the dates of data collection, the instruments used, the 
sources of data, and the nature of the data. 
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Table 3.3 - Summary of data collection 
Date Instrument and source of data Nature of data 
Jan Chemistry examination on 'Bonding' Students' pre-treatment understanding 
2004 and 'Reactivity' of chemistry knowledge and problem 
solving skills 
Jan Literature review The characteristics of design and 
2004 development of PBL unit 
Feb Researcher's reflective journal, and The characteristics of design and 
2004 the chemistry expert's comments development of PBL unit 
Feb Researcher's reflective journal, and The characteristics of design and 
2004 the PBL expert's comments development of PBL unit 
27.02.04 Video recording, and researcher's Implementation of the 产 PBL unit 
reflective journal entitled 'Spectacle frame' 
03.03.04 Video recording, researcher's Implementation of 'Meeting problem' 
reflective journal and the chemistry of the PBL unit entitled 'Wool 
teacher's debriefing damage' 
Implementation of didactic instruction 
-Redox 
05.03.04 Video recording, researcher's Implementation of'Self-study' of the 
reflective journal and the chemistry 2"�PBL unit entitled 'Wool damage' 
teacher's debriefing 
Implementation of didactic instruction 
-Redox 
08.03.04 Video recording, researcher's Implementation of 'Presentation' of 
reflective journal and the chemistry the PBL unit entitled 'Wool 
teacher's debriefing damage' 
Implementation of didactic instruction 
-Redox 
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Table 3.3 Continued 
Date Instrument and source of data Nature of data 
10.03.04 Video recording, researcher's Implementation of ‘Self study' of the 
reflective journal and the chemistry PBL unit entitled 'Wool damage' 
teacher, s debriefing • Ympjementation ofdid'actic instruction _ 
-Redox 
15.03.04 Video recording, researcher's Implementation of ‘Presentation’ of 
reflective journal and the chemistry the 2"�PBL unit 'Wool damage' 
teacher's debriefing Implementation of didactic instruction 
-Redox 
15.03.04 Questionnaire PBL students' attitudes towards using 
PBL after 10 sessions of experiences 
16.03.04 Video recording, researcher's Implementation of 'Meeting problem' 
reflective journal and the chemistry of the 3rd PBL unit entitled 'Hydrogen 
teacher's debriefing fuel' 
Implementation of didactic instruction 
-Electrolysis 
19.03.04 Video recording, researcher's Implementation o f Self-study' of the 
reflective journal and the chemistry PBL unit entitled 'Hydrogen fuel' 
teacher's debriefing Implementation of didactic instruction 
-Electrolysis 
23.03.04 Video recording, researcher's Implementation of ‘Presentation’ of 
reflective journal and the chemistry the PBL unit entitled 'Hydrogen 
teacher's debriefing fuel' 
Implementation of didactic instruction 
-Electrolysis 
24.03.04 Video recording, researcher's Implementation o f Self study' of the 
reflective journal and the chemistry PBL unit entitled 'Hydrogen fuel' 
teacher's debriefing Implementation of didactic instruction 
-Electrolysis 
8 3 
Table 3.3 Continued 
Date Instrument and source of data Nature of data 
29.03.04 Video recording, researcher's Implementation of 'Presentation' of 
reflective journal and the chemistry the PBL unit entitled 'Hydrogen 
teacher's debriefing fuel' 
Implementation of didactic instruction 
-Electrolysis 
29.03.04 Questionnaire PBL students' attitudes towards using 
PBL after 20 sessions of experiences 
31.03.04 Multiple choice test and problem Students' post-treatment 
solving test understanding of chemistry 
knowledge and problem solving skills 
on 'Redox' and 'Electrolysis' 
06.04.04 Semi-structured interview Mr. Wang's reflection on the 
implementation process 
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3.4 Data analysis 
3.4.1 Researcher�s reflective journal 
The researcher of this study noted down her reflections during the stage of 
design and development. Qualitative data are analyzed to interpret the major 
characteristics of design and development of PBL packages. For example the 
comment provided by the experts and the chemistry teacher were noted and used 
for revisions. 
She also noted down her reflections during the stage of implementation, both 
PBL and traditional instruction. Analyzed qualitative data are use to support the 
factors affecting the PBL implementation. For example the casual dialogue 
between the students and the researcher of this study. 
3.4.2 Implementation video data 
Most of the implementation records were video-taped and analyzed. Student-
student interactions and facilitator-student interaction were used to interpret the 
implementation process. For example, the video tape recorded the happy faces of 
the students during their discussion which showed that they had good motivation 
during the discussion; or the video tape recorded the sad faces of the students 
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when they worked in the library which showed that they were very puzzled for 
their information search and selection. 
3.4.3 Chemistry teacher 's interview data 
Chemistry teacher's interview data was audio-recorded and transcribed. 
Important facilitating factors and hindering factors were analyzed from the 
transcribed data. 
3.4.4 Students，performance in the pre-test 
Chemistry examination scores, on topics ‘Bonding’ and 'Reactivity', of both 
PBL and didactic instruction groups were collected before the implementation and 
served as pretest data. Independent-samples /-test was conducted on the pretest 
data of both experimental and control groups. The independent-samples t test 
evaluates the difference between the means of two independent groups. The 
independent variables were the PBL group and the didactic instruction group. The 
dependent variable was the chemistry examination scores. Chapter Four reports 
the results and explains if there is any significant difference between the 
understanding of chemistry knowledge and problem solving skills of the groups 
before treatment. 
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3.4.5 Understanding of chemistry knowledge (Post-test) 
Multiple-choice test scores of both PBL and didactic instruction groups were 
collected at the end of the study and served as post-test data. One-way analysis of 
covariance (ANCOVA) was used to evaluate whether the adjusted group means 
differ significantly from each other. One-way ANCOVA is useful because it can 
analyze data from a pre-test and a post-test. The pretest and posttest can be 
different measures and can even assess different constructs. The independent 
variables were the PBL group and the didactic instruction group. The covariate 
was the students' pre-treatment chemistry examination scores. Two sets of test 
were done separately on two dependent variables; the ‘Redox’ post-test scores and 
the 'Electrolysis' post-test scores. 
Before conducting an ANCOVA, the homogeneity-of-slopes assumption was 
first be tested. The test evaluates the interaction between the covariate and the 
factor in the prediction of the dependent variable. A significant interaction 
between the covariate and the factor suggests that the differences on the 
dependent variable among groups vary as a function of the covariate. If the 
interaction is significant, the results from an ANCOVA are not meaningful, and 
ANCOVA should not be conducted (Green et al., 2000). 
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3.4.6 Problem solving skills (Post-test) 
Four structured chemistry problems, two focused on ‘Redox’ and two focused 
on 'Electrolysis', were given to students at the end of the treatment. Data were 
analyzed with one way ANCOVA. The independent variables were PBL and 
didactic instruction. The covariate was the students' pre-treatment chemistry 
examination scores. Two sets of test were done separately on two dependent 
variables; the ‘Redox’ post-test scores and the 'Electrolysis' post-test scores. 
3.4.7 Students ’ attitudes towards Problem Based Learning 
The reliability of the overall questionnaire and each sub-scale were analyzed 
Students' responses to the questionnaire items were coded on a scale of 1 to 4 
(1 ^ strongly disagree, 2=disagree, 3=agree and 4=strongly agree). The mean value 
of each sub-scale and overall were calculated and analyzed. The larger the mean 
value of each sub-scale indicated the better attitude in that sub-scale, except the 
sub-scale 'Degree of dislike using PBL'. The data of the sub-scale ‘Degree of 
dislike using PBL’ was re-coded and each data was deducted by 5, which means, 
1 change to 5-1=4, 2 change to 5-2=3, etc. The differences between two occasions 
were also compared and analyzed. Paired-samples t test was then conducted on 
the data collected after 10 sessions and the data collected at the end. The paired-
samples t test evaluates whether the mean of the difference between these two 
variables is significantly difference from zero. This study is a repeated-measures 
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design with an intervention that the PBL group's attitude towards PBL was 
assessed on two occasions. 
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Chapter Four 
Results and Discussion 
4.1 The characteristics of an effective Problem Based Learning unit in 
secondary school chemistry 
In this study, three PBL units were developed. Before the development 
process began, an extensive review of literature on PBL was conducted and the 
focus was on characteristics of effective PBL units. A summary of all essential 
characteristics was compiled and the information was utilized to design an 
evaluation form. The chemistry curriculum expert and the PBL expert used the 
form to rate the effectiveness of the three PBL units developed in this study. 
Moreover, during the design and development stage, the researcher noted down 
her experiences descriptively on her reflective journal. The journal was 
analyzed to identify important characteristics of an effective PBL chemistry 
unit. 
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4.1.1 Results from the review of the literature 
Referring to different educators (Aspy, Aspy & Quimby, 1993; Barell, 1995; 
Barg et al. 2000; Barrows, 1985; Barrows & Tamblyn, 1980; Bridges and 
Hallinger, 1996; Checkley, 1998; Coleman et al., 1992; Delisle, 1997; Dolmans, 
1997; Duch , 1995; Gallagher et al., 1995; Grasha, 1996; Hessami, 1994; Jones 
et al., 1997; Kain, 2003; Ram, 1999; Savery & Duffy, 1995; Stepien, 1998; 
Stepien and Gallagher, 1993; Torp & Sage, 1998; West, 1992; Woods, 1997; 
Yuen & Lee，2000), different characteristics of PBL design and development 
were identified. 
For example, Savery & Duffy (1995) based on constructivism and defined 
the principles of PBL design and development. 1) anchoring all learning 
activities to a larger problem, selecting content and skills; 2) supporting the 
learner in developing ownership for the overall problem, and determining 
availability of resources; 3) giving the learner ownership of the process and use 
it to develop a solution, and writing a problem statement; 4) designing an 
authentic task and a learning environment which reflect the real world 
complexity and support and challenge the learners' thinking; 5) encouraging 
testing ideas against alternative views and alternative contexts, and developing a 
focused question; and 6) providing opportunity and support reflection on both 
the content learned and the learning process, and determining an evaluation 
strategy. 
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Dolmans (1997) identified similar principles of designing an effective 
problem for a PBL curriculum. 1) the contents of a problem should adapt well 
to students' prior knowledge; 2) a problem should contain several cues that 
stimulate students to elaborate; 3) a problem is preferably presented in a context 
that is relevant to the future profession; 4) a problem should stimulate 
self-directed learning by encouraging students to generate learning issues and 
conduct literature searches; 5) a problem should enhance students' interest in 
the subject-matter, by sustaining discussion about possible solutions and 
facilitating students to explore alternatives; and 6) a problem should match one 
or more of the curriculum objectives. 
Ram (1999) elaborated that a PBL problem must reflect real world situations, 
it could generate multiple hypotheses, it exercises problem-solving skills and 
requires creative thinking, it requires knowledge and skills that satisfy curricular 
objectives, and it integrates and contains components of more than one 
discipline. 
Some of the aforementioned characteristics were similar and consistently 
believed. For example, the PBL problem should match with the curriculum 
objectives. Savery & Duffy (1995) mentioned that the teachers should refer to 
the developed curriculum and the problem should be in line with the curriculum 
frameworks. Ram (1999) mentioned that the problem should require knowledge 
and skills that satisfy the curricular objectives. Dolmans (1997) also mentioned 
that the problem should match one or more of the curriculum objectives. 
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Another commonly agreed characteristic was the PBL problem should be 
presented in relevant context and it should also reflect the real world complexity. 
Savery & Duffy (1995) mentioned that the problem should be relevant to the 
experiences of students. Ram (1999) mentioned that the PBL problem must 
reflect real world situations. Dolmans (1997) also mentioned that the problem 
should preferably presented in a context that is relevant to the future profession. 
On the other hand, some of the aforementioned characteristics were uniquely 
identified. For example, Dolmans (1997) emphasized the consideration of 
students' prior knowledge and the PBL problem should include the stimulating 
cues. Savery & Duffy (1995) pointed out the importance of the arrangement of 
learning resources and appropriate assessments. They also emphasized the PBL 
problem should include a focus question. 
As a result, twelve characteristics were synthesized as the essential PBL 
design and development characteristics by the researcher after her extensive 
review of the literature on PBL. 
1) the problem requires students to apply prior knowledge 
2) the problem contains several cues that stimulate students to elaborate 
3) the problem is presented in a real life context 
4) the problem reflects real world complexity 
5) the problem designed takes account the intellectual development and 
social-emotional needs of students 
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6) the problem promotes the development of generic skills (e.g. 
communication skills and presentation skills) and content knowledge 
7) the problem is not so rigid with one right solution, one way of reaching 
solution, or one way of instruction 
8) the problem stimulates self-directed learning, such as researching 
information for problem solving 
9) the problem matches with one or more of the curriculum objectives 
10) the proble m contains clear and focused questions 
11) students are provided with essential resources 
12) the assessment tas ks are authentic 
The above twelve PBL characteristics were used to develop an evaluation 
form (Appendix 12). The evaluation form was sent together with the PBL 
packages to the chemistry curriculum expert and the PBL expert for comments. 
The experts found that the evaluation form was useful for them to evaluate the 
PBL packages. The following sections presented the details of their evaluations 
and comments. 
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4.1.1.1 The First PBL unit - Spectacle Frame 
The 'Spectacle frame' package was the first PBL unit evaluated by the 
chemistry curriculum expert. Two items were rated as 'satisfactory', nine items 
were ‘undecided’ and one item was 'unsatisfactory'. Table 4.1 summarizes the 
results. 
The chemistry curriculum expert made some comments on six of the items. 
He doubted that there was no information about students' prior knowledge 
listed in the package. He also doubted if 30 minutes was enough for students' 
self-learning which included the preparation of the presentation. He pointed out 
that curriculum objectives are not topic-specific. He also pointed out that there 
was no sample of the recommended resource list was included. Moreover, he 
thought that the question in the problem was common sense and no divergent 
answers were needed. 
The researcher explained to the chemistry curriculum expert that the ‘prior 
knowledge' and the ‘resource list' were included in the package and he may 
have overlooked. The researcher also explained that the problem was designed 
for the chemistry topic ‘Rusting and corrosion', so it was topic-specific. Since 
the first PBL unit was designed as a trial for the facilitator and the students to 
gain some hands-on experiences on PBL, the topic used was already learned by 
the students earlier. So the students were not expected to spend too much time 
to iearn' the knowledge again, but they were expected to synthesize the learned 
knowledge and prepare a short presentation. Moreover, the researcher believed 
9 5 
that the question in the problem, ‘what kind of spectacle frame would you 
choose', was a complex question for many 15 years old students. There were so 
many choices that they had to analyze their needs, their budgets, the qualities of 
the frames and so on. Students had to make their decisions with explanations. 
Based on the feedback obtained from the chemistry curriculum expert, the 
PBL packages, 'Spectacle frame', were carefully revised (Appendix 4 and 5). 
The revised notes for students contained information about the characteristics 
of PBL, what students should do, and what students should not do. All 
information was written in point form and more user-friendly as suggested by a 
PBL expert. The PBL problem ‘ Spectacle frame' was revised to a simplified, 
real-life and ill-structured version. For instance, the sentence 'you'd better not 
choose the cheap plastic or paint coating piece ones, because if it corrodes again, 
it is another piece of rubbish' was replaced by 'you'd better choose a 
non-metallic frame, or if you want a metallic frame, you'd better choose 
something with good surface protection'. 
The final revised PBL packages ‘Spectacle frame' (Appendix 4 and 5) were 
sent to the PBL expert. He thought most of the requirements of designing a PBL 
unit were considered, and thus he rated all items on the evaluation form as 
‘satisfactory，. 
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Table 4.1 - Chemistry curriculum expert's evaluation report on the first PBL package 
‘Spectacle frame’ 
Characteristics of PBL SatisfactoryUndecidedUnsatisfactoryComment 
The problem requires students to ] ^ 
apply prior knowledge 
The problem contains several cues ] 
that stimulate students to elaborate 
The problem is presented in a real ] 
life context 
The problem reflects real world ] 
complexity 
The problem designed takes ] ] 
account the intellectual 
development and social-emotional 
needs of students 
The problem promotes the \ 
development of generic skills (e.g. 
communication skills, presentation 
skills) and content knowledge 
The problem is not so rigid with one \ ^ 
right solution, one way of reaching 
solution, or one way of instruction 
The problem stimulates " 1 R R  
self-directed learning, such as 
searching information for problem 
solving 
The problem matches with one or R R  
more of the curriculum objectives 
The problem contains clear-focus ] 
questions 
Recommended resources list is ] 
considered and included 
Authentic assessment is considered 
and included 
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4.1.1.2 The Second PBL unit - Wool damage 
This was the second PBL package evaluated by the chemistry curriculum 
expert. One item was evaluated as 'very satisfactory', three items were 
‘satisfactory，，three items were 'undecided' and five items were 
'unsatisfactory'. Table 4.2 summarizes the results. 
The chemistry curriculum expert doubted that there was no information 
about students' prior knowledge and the problem did not require students to 
demonstrate communication skills and presentation skills. He also thought the 
problem was inauthentic. 
The researcher explained to the chemistry curriculum expert that the list of 
the previous knowledge was included in the facilitator's package which he may 
had overlooked. Students' communication skills were always emphasized and 
mentioned in different stages in the facilitator's package. For example, students 
were encouraged to discuss among their groups and with the facilitator in order 
to identify the learning issues, they were also encouraged to discuss among 
their groups when they conducted their self-learning in order to synthesize the 
learned knowledge and prepare the presentation. Moreover, students' 
presentation skills were definitely required in the PBL process and mentioned 
in both facilitator's package and student's package. Students needed to prepare 
a neat, concise and interesting presentation in order to share their learned 
knowledge with peers. The researcher also explained to the chemistry 
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curriculum expert that the problem was designed and based on a textile 
chemist's interview, so it was authentic problem. 
Based on the feedback obtained from the chemistry curriculum expert, the 
PBL packages 'Wool damage' were carefully revised (Appendix 6 and 7). For 
instance, the problem 'Wool damage' was originally written with a clear stated 
bleaching procedure, it was deleted in the revised version so as to make the 
problem more ill-structured. A conversation was added into the revised 
problem in order to make it more real life, 'you can look up the procedures from 
the manual in the laboratory'. Originally the bleaching procedure stated clearly 
the oxidation bleaching steps and reduction bleaching steps but the revised 
version used a conversation 'read something related to two-steps bleaching 
which involves both oxidation bleaching and reduction bleaching, make sure 
you use the proper oxidizing agent and reducing agent'. Moreover the original 
question of the PBL problem was 'you followed the procedures precisely and 
prepared the bleached wool fabric, however the senior chemist rejected the 
finished bleached sample and said the fabric was damaged, what do you do 
next?' It was revised into a clearer and more focused simple question, ‘you 
found the bleaching procedures and prepared a piece of bleached wool, 
however the senior chemist rejected it and said the wool was damaged, can you 
tell me what you have done in details'. 
The final revised PBL packages 'Wool damage' (Appendix 6 and 7) were 
sent to the PBL expert and he thought all the determined weaknesses were 
improved and rated all evaluation items as ‘satisfactory，. 
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Table 4.2-Chemistry curriculum expert's evaluation report on the second PBL package 'Wool damage' 
Characteristics of PBL Very SatisfactoryUndecided UnsatisfactoryComment 
satisfactory 
The problem requires students ^ ^ 
to apply prior knowledge 
The problem contains several ] 
cues that stimulate students to 
elaborate 
The problem is presented in a ] ^ 
real life context 
The problem reflects real 
world complexity 
The problem designed takes 
account the intellectual 
development and 
social-emotional needs of 
students 
The problem promotes the y ^ 
development of generic skills 
(e.g. communication skills 
and presentation skills) and 
content knowledge 
The problem is not so rigid V 
with one right solution, one 
way of reaching solution, or 
one way of instruction 
The problem stimulates 
self-directed learning, such as 
searching information for 
problem solving 
The problem matches with ^ ^ 
one or more of the curriculum 
objectives 
The problem contains 
clear-focus questions 
Recommended resources list 
is considered and included 
Authentic assessment is I R R 
considered and included 
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4.1.1.3 The Third PBL unit - Hydrogen Fuel 
This was the third PBL unit evaluated by the chemistry curriculum expert. 
Four items were rated as 'satisfactory', three items were ‘undecided’ and five 
items were ‘unsatisfactory,. Table 4.3 summarizes the results. 
The chemistry curriculum expert stated that there was no information about 
students' prior knowledge'. He also doubted if'preparing an interview' was the 
problem to be solved. 
The researcher explained to the chemistry curriculum expert that the list of 
the previous knowledge was included in the facilitator's package which he may 
have overlooked. The chemistry expert rated 'the problem is not so rigid with 
one right solution, one way of reaching solution, or one way of instruction' as 
'unsatisfactory' and commented as ‘what is the problem to be solved? Just 
prepare an interview?' The researcher replaced the original problem with ‘You 
have been invited to attend an interview. You will have 10 minutes to present 
yourself during interview. You are very keen on getting this job. What should 
you present in order to demonstrate that you have the necessarily chemical 
knowledge and skills?' 
Based on the feedback obtained from the chemistry curriculum expert, the 
PBL packages 'Hydrogen fuel' were carefully revised (Appendix 8 and 9). For 
instance, a company name and logo was added to make the problem as like as a 
real recruitment advertisement. The original problem was criticized as not 
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personal enough and the question was not specific enough. Thus it was revised 
and started with a recruitment advertisement, and finished with a clear-focused 
question ‘you have been invited to attend an interview, you will have 10 
minutes to present yourself during the interview,..., what should you present in 
order to demonstrate that you have the necessarily chemical knowledge and 
skills'. The content of the recruitment advertisement was revised into a more 
ill-structured format, such as adding 'in addition to hydrogen fuel, we also 
explore other applications of electrolysis' after 'we employ the technology of 
electrolysis of water to produce hydrogen', and replacing ‘a technical sales 
representative must have adequate chemistry knowledge to promote our 
electrolysis technology, and knowledge in environmental aspect is a benefit' 
with ‘applicants must have a good understanding of the chemistry of 
electrolysis'. As a result, the ill-structured nature of the problem was improved. 
The final revised PBL packages ‘Hydrogen fuel，(Appendix 8 and 9) were 
sent to the PBL expert. He found both facilitator's package and student's 
package were clear and concise enough and he rated all evaluation items as 
'satisfactory'. 
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Table 4.3 - Chemistry expert ' s evaluation report on the third PBL package 'Hydrogen fue l ' 
Characteristics of PBL SatisfactoryUndecided UnsatisfactoryComment 
The problem requires students to ] ^ 
apply prior knowledge 
The problem contains several cues 
that stimulate students to elaborate 
The problem is presented in a real ] 
life context 
The problem reflects real world 
complexity 
The problem designed takes ] 
account the intellectual 
development and social-emotional 
needs of students 
The problem promotes the y 
development of generic skills (e.g. 
communication skills and 
presentation skills) and content 
knowledge 
The problem is not so rigid with one R R 
right solution, one way of reaching 
solution, or one way of instruction 
The problem stimulates 
self-directed learning, such as 
searching information for problem 
solving 
The problem matches with one or \ ^ 
more of the curriculum objectives 
The problem contains clear-focus y 
questions 
Recommended resources list is 
considered and included 
Authentic assessment is considered \ 
and included 
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4.1.2 Results from the researcher 's reflective journal 
The researcher's reflective journal noted the details of the design and 
development of the three PBL packages. The characteristics of design and 
development of PBL identified in the literature review were consistently noted 
in the researcher's reflective journal. 
The prior knowledge. The researcher studied the current curriculum before 
she designed and developed the PBL packages. She clearly realized and 
identified the prior knowledge of each PBL package. For example, the prior 
knowledge for 'Wool damage' included ‘Corrosion，，'Chemical Cells', 
‘Redox in terms of addition of oxygen/hydrogen', ‘Redox in terms of loss 
of oxygen/hydrogen' and 'Redox in terms of electrons gaining/losing' 
The learning objectives. The researcher realized that she must be clear on 
the learning objectives of the curriculum and they should match with the 
PBL packages. For example, the learning objectives of ‘Spectacle frame' 
included: 1) causes/chemistry of corrosion; 2) factors of 
influencing/speeding up corrosion; 3) prevention of rusting; 4) observation 
under corrosion; and 5) good or bad results of corrosion. 
The stimulating cues. The researcher realized the importance of including 
stimulating cues in the PBL problems. The stimulating cues should help 
students to elaborate their learning and promote their self-directed learning. 
For example, she used ‘You can look up the procedures from the manual in 
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the laboratory' in 'Wool damage' and ‘Recently you have applied the 
following post and you have been invited to attend an interview, you will 
have 10 minutes to present yourself during interview' in 'Hydrogen fuel' 
She also used ‘I am not sure but the paint coating is falling off and some 
reddish material is exposed,, ‘I think it is corroding and you'd better not 
wear it anymore', 'You'd better choose a non-metallic frame', 'Or if you 
want a metallic frame, you'd better choose something with good surface 
protection' in ‘Spectacle frame'. 
The real life context. The researcher completely understood the PBL 
problems must be based on the real life context in order to initiate students' 
learning. The PBL problems should reflect the real world complexity in 
order to improve students' ownership of learning. So the problem ‘Wool 
damage' was modified by the quote of a textile chemist, the company 
mentioned in 'Hydrogen fuel' is a real existing company and the problem 
was written and based on the information given in the Stuart Energy's 
company website, www.stuarenergy.com. Moreover, students had to make 
decisions on choosing the right spectacle frames for themselves in the 
problem ‘Spectacle frame' and they needed to prepare job interviews in 
their near future as they did in the problem 'Hydrogen fuel'. 
The problem flexibility. The researcher realized the PBL problems must not 
be so rigid that with only one definite solution. For example, in 'Wool 
damage', students were asked to explain what they have done wrong in their 
bleaching procedures, the explanations could be varied from different 
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students. In ‘Hydrogen fuel', students could present themselves in different 
ways during the job interview. 
The clear and focus question. The researcher agreed that a clear and focus 
question should be added at the end of each PBL unit in order to focus the 
students' learning. For example, in ‘Wool damage', the question used was 
'You found the bleaching procedures and prepared a piece of bleached wool. 
However, the senior chemist rejected it and said the wool was damaged. 
Can you tell me what you have done in details?' 
The list of recommended resources. The researcher realized that a list of 
recommended resources should be included in the PBL package. The list 
provides ideas to students that the kind of resources they could choose for 
their self-study. For example, the researcher list some websites that could 
help students to learn 'Spectacle frame': http://www.ars.usda.gov/is/kids/; 
http://s-kurukuru.jst.go.jp/room/07/rust/flash/indexe.htm; and 
http://library.thinkquest.org/JOO 1796/bshypoth.htm. 
1 0 6 
4.1.3 Summary of the characteristics of an effective Problem Based Learning unit 
in secondary school chemistry 
This study successfully identified twelve important characteristics of 
designing and developing an effective PBL unit in secondary school chemistry. 
These characteristics were consistently found in the literature review and the 
researcher's reflective journal. 
1) the problem requires students to apply prior knowledge 
Within the learning in chemistry context, students must have some 
background knowledge in order to support their further learning. For 
example, students must have some knowledge in electrochemical series 
before they learn redox and electrolysis. 
2) the problem contains several cues that stimulate students to elaborate 
The stimulating cues serve to excite and motivate students' learning which 
is the essential step for starting PBL. For example, several chemistry terms 
that students never encountered would excite their curiosity. 
3) the problem is presented in a real life context 
Some of the chemistry content knowledge are quite abstract and difficult to 
be learned but by rote. If we present them in a real life context, students 
would learn them a lot easier. For example, presenting rusting as an 
example of oxidation is better than explaining the chemistry of rusting in 
terms of chemistry formula. 
4) the problem reflects real world complexity 
Students learn chemistry and think they are not related to their daily life. If 
we put the learning into the setting of real world complex problem, students 
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could realize the chemistry knowledge they gained would help them to 
solve their daily problems. 
5) the problem designed takes account the intellectual development and 
social-emotional needs of students 
Apart from knowledge, these are other essential components students 
should be gained from their growth in schools. 
6) the problem promotes the development of generic skills (e.g. 
communication skills and presentation skills) and content knowledge 
Apart from knowledge, these are other essential components students 
should be gained from their growth in schools. 
7) the problem is not so rigid with one right solution, one way of reaching 
solution, or one way of instruction 
Students should learn from PBL that solving a problem does not mean to 
provide an absolute solution but developing alternative resolutions. For 
example, there are different ways to protect the metal layer of different 
products. 
8) the problem stimulates self-directed learning, such as researching 
information for problem solving 
PBL provides a good opportunity for students to learn how to self-learn. It is 
not only good for their chemistry learning but for any other subjects and 
their future studies. 
9) the problem matches with one or more of the curriculum objectives 
Within chemistry context, different chapters serve for different curriculum 
objectives, most of them are related to each other. For example, 
electrochemical series is closely related to electrolysis. 
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10) the pro blem contains clear and focused questions 
A clear and focused question is very essential for a PBL problem in order to 
motivate the students' learning. 
11) students are provided with essential resources 
Facilitator has to ensure the resources needed are accessible in order to 
avoid any unnecessarily students' frustration due to the shortage of books or 
other references. 
12) the assessment tas ks are authentic 
Since the format of learning is authentic, the assessment should be parallel. 
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4.2 Factors facilitating and hindering the implementation of the Problem 
Based Learning units by a chemistry teacher 
Three sources of data were used to identify the factors facilitating and 
hindering the implementation of PBL in secondary school chemistry. Firstly, 
the researcher noted down her experiences of implementation on her reflective 
journal. Secondly, most of the sessions were recorded on video. Thirdly, the 
chemistry teacher Mr. Wang debriefed his experiences after each PBL session 
and he was interviewed at the end of the final study. 
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4.2.1 Factors identified from the researcher�s reflective journal 
The teaching of 'Redox ’ by PBL 
First and Second sessions 
The researcher started the problem by asking the students if they had ever 
done their laundries before. Most of them said they had never done their 
laundries before but their mothers helped them to wash the clothes. The 
researcher further asked the students if they had ever used 'bleach' before. Most 
of them said they had used the ‘ 1:99 bleach' to clean and disinfect their livings. 
The researcher believed that the students were warmed-up and their thinking 
was initiated. So the warm-up section was definitely a facilitating factor of the 
implementation of PBL in secondary school. 
The researcher asked the students to read the PBL problem ‘Wool Damage' 
(Appendix 6). Then the students were asked to identify the keywords in the 
problem and they did it successfully. Table 4.4 summarizes the identified 
keywords. The researcher realized that the students made use of the keywords 
and started their brainstorming and identifying learning issues. So identifying 
keywords was definitely another facilitating factor of the implementation of 
PBL in secondary school. 
Table 4.4 - Keywords identified by students on 'Wool damage ' 
1. bleach 2. untreated wool 
3. procedures 4. two-step bleaching 
5. oxidation bleaching 6. reduction bleaching 
7. oxidizing agent 8. reducing agent 
9. bleached wool 10. wool was damaged 
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The students worked closely with their group-mates, analyzed the problem 
and identified the learning issues. However, they were puzzled and not 
knowing how to identify the learning issues. The researcher asked the students 
many open-ended questions, and she also tried to facilitate them with their 
previous knowledge. The researcher realized that identifying learning issues 
was a new and challenging task for many students. Most of the students never 
thought of what they needed to learn, since they were always told what they 
should learn. So identifying learning issues was probably a hindering factor of 
the implementation of PBL in secondary school. 
The students listed the learning issues and the researcher categorized them 
into four self-learning areas, namely 'Bleaching', 'Reduction', 'Oxidation' and 
'Wool'. Finally the students were asked to choose their preferred learning areas. 
They were so excited that they quickly made the decisions and chose their 
preferred learning areas. The researcher believed that it was the first time for the 
students to choose something they really wanted to learn, so they were very 
excited and chose their true preferences. So choosing the learning areas was 
definitely a facilitating factor of the implementation of PBL in secondary 
school. 
Third and Fourth sessions 
The students mostly worked with their group-mates during the self-learning 
sessions. They worked hard in the school library, classroom and ITLC 
(Interactive Technology Learning Center). They searched information from 
different sources, such as the books recommended by the researcher, reference 
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books available in the school library and the Internet. They did not know how to 
search specific information but tried to read all books on the shelves. The 
researcher suggested different ways to search the relevant information. The 
researcher realized that many students were good in internet searching, but they 
were unfamiliar with library resources, such as the chemistry dictionary. The 
students may always spend a lot of time on surfing the internet for their daily 
life, so they have good internet searching skills. On the other hand, the students 
may never read any reference other than their textbooks and notes, thus they 
were unfamiliar with the library resources. So reference searching was a 
probable facilitating factor of the implementation of PBL in secondary school. 
The researcher gave the students the presentation rubric (Appendix 13) in 
order to let them had some ideas on how to prepare good presentations. The 
students were so keen on preparing presentation that they actively contacted the 
researcher for advices. The researcher realized that many students were not sure 
if they included the appropriate information in their presentation, such as the 
breadth and depth of the information. So preparing presentation was a probable 
hindering factor of the implementation of PBL in secondary school. 
Fi fth and Sixth sessions 
The students presented their self-learned knowledge. The researcher 
assessed their presentation skills with the aid of the presentation rubric. 
Generally the students' presentation skills were not good. The organizations 
were generally fair and the mechanics were generally good. But the visual aids 
used by the students were very poor. Several groups used transparencies with 
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bad handwritings. One group just read their notes and wrote something on the 
whiteboard. Many students had inadequate eye contacts with their audience 
since most of them kept looking at their notes or their group-mates but not the 
audience. The students' verbal techniques were generally poor since they spoke 
very soft and the audience, including the researcher, could hardly listen to them. 
The researcher believed that it was the first time for the students to do 
presentation, so their inadequate presentation skills were acceptable. So 
presentation probably was a hindering factor of the implementation of PBL in 
secondary school. 
The students' subject knowledge was generally satisfied. For instance, the 
group which worked on ‘Bleaching, presented the disinfecting property and the 
color removal (whitening) property of bleaching agents. They also introduced 
different common bleaching agents and their chemistry, such as moist sulphur 
dioxide, calcium hydrogen sulphite, sodium hydrosulphite, hydrogen peroxide 
and sodium peroxide. Peers asked questions related to the redox of bleaching 
agents and the answers were clearly explained. Another group which worked on 
‘Reduction, presented different definitions of reduction with examples. They 
provided some examples of oxidizing agents and their chemistry in their 
presentation, such as the color change of acidified potassium permanganate 
from purple to colorless and that of aqueous bromine from brown to colorless. 
The students self-learned the contents so well, it may because of they were so 
afraid that if they had learned less and which may affect their examination 
results. So peer-learning was probably a facilitating factor of the 
implementation of PBL in secondary school. 
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Many further learning issues were generated at the end of the presentation. 
The researcher categorized them into four self-learning areas, namely 
‘Oxidation number', ‘Balance redox equations by using ionic half equations', 
'Balance redox equations by oxidation number' and 'Other examples of 
oxidizing agent and reducing agent'. The students were very excited and chose 
their preferred self-learning areas quickly. So choosing the learning areas was 
definitely a facilitating factor of the implementation of PBL in secondary 
school. 
Seventh and Eighth sessions 
The students worked hard in searching information, reading information 
and preparing presentation. Their searching skills were so improved that they 
were able to get the specific information they wanted. They had less difficulty 
to understand the information. The researcher believed that the students 
self-learned the knowledge better than the first time. The researcher realized 
that some students wanted to improve their presentation skills since they asked 
the researcher to help them to arrange an experiment demonstration in their 
presentation 
Ninth and Tenth sessions 
Students presented their self-learned knowledge as they did previously. 
Students performed better this time. One of the groups incorporated a simple 
experiment demonstration in their presentation. Students had more eye contacts 
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with audience and their verbal techniques had generally improved. It was a 
good indication that students' presentation skills were improved. 
Students' subject knowledge was generally satisfied. For instance, the 
group which worked on ‘Other examples of oxidizing agent and reducing 
agent' presented a neat table which summarized the characteristics of nitric acid 
of different concentrations such as their acidic properties and oxidizing 
properties. Another group which worked on ‘Balance redox equations by 
oxidation number' presented many examples with clear instructions, such as 
how to work out the oxidation numbers, the increase or decrease in oxidation 
number and how to balance the overall equations. Students appeared that they 
understood all the concepts presented by the groups. 
Finally, students understood the concepts of two-step bleaching, including 
the uses of suitable oxidizing agents and reducing agents, and the optimum 
conditions of bleaching. Some students demonstrated the bleaching of different 
types of fabric. The students successfully presented different reasons of the 
technician failed to prepare the bleached wool sample, for example, use of 
wrong oxidizing agent and reducing agent, bleach for too long, and bleach 
under wrong temperature. 
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The teaching of 'Electrolysis，by PBL 
First and Second sessions 
Mr. Wang started the problem by asking the students if they had any 
interview experience. All of them said they never had any. Mr. Wang further 
asked the students if they had thought of leaving school for work in the 
following year. Some of them said yes. The researcher believed that the 
students were warmed-up and their thinking was initiated. So the warm-up 
section was definitely a facilitating factor of the implementation of PBL in 
secondary school. 
The students started to read the problem 'Hydrogen fuel' (Appendix 8) and 
they identified the keywords successfully. Table 4.5 summarizes the identified 
keywords. The researcher believed that identifying keywords was a good 
starting task for the students to carry on their brainstorming and identifying the 
learning issues. So identifying keywords was definitely a facilitating factor of 
the implementation of PBL in secondary school. 
Table 4.5 - Keywords identified by students on 'Hydrogen fuel’ 
I. Technical sales representative 2. Hydrogen fuel 
3. Electrolysis of water 4. Produce hydrogen 
5. Supply to different industries 6. Other applications of electrolysis 
7. Good understanding 8. Chemistry of electrolysis 
9. Training 10. Out-going personality 
I I . Good sales technique 12. Resume 
13. Interview 14. 10 minutes present yourself 
15. Necessarily chemical knowledge 16. Skills 
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The students worked closely and actively with their group-mates, analyzed 
the problem and identified the learning issues. The researcher asked the 
students some open-ended questions. Students listed out the learning issues and 
Mr. Wang categorized them into four self-learning areas, namely, ‘Chemistry 
of Electrolysis', 'Examples of Electrolysis', 'Hydrogen fuel' and ‘Resume,. 
The students chose their preferred learning areas immediately. Since the 
students had ten sessions of PBL experiences, they did not have any major 
problem in identifying the learning issues. They were still very excited to 
choose their preferred learning areas which showed that they liked to decide 
what to learn. So choosing the preferred learning areas was definitely a 
facilitating factor of the implementation of PBL in secondary school. 
Third and Fourth sessions 
The students worked hard in the self-learning sessions. They worked in the 
school library, classroom and ITLC. They searched information from different 
sources, such as the books recommended by the researcher, the books in the 
school library and the Internet. The researcher believed that, due to more PBL 
experiences, students' references searching abilities were advanced 
significantly. 
Mr. Wang explained the importance of preparing good presentations. He 
emphasized that students should try to present their ideas by using advance 
methods, such as Powerpoint and experiment demonstration. Students worked 
very hard to prepare the presentation and they actively contacted Mr. Wang for 
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advices. The researcher believed that the students seriously listened to Mr. 
Wang so they worked harder and better than before. 
Fi fth and Sixth sessions 
The students presented their self-learned knowledge. Generally the 
students' presentation skills were improved. The visual aids used by the 
students were generally good. For instance, most of them used Powerpoint to 
present their ideas. Organization of the presentation was logical and neat. Many 
students' verbal techniques were generally improved since they spoke much 
louder than previous times. However, many presenters' eye contacts with their 
audience were still inadequate. The researcher believed that the students' 
presentation skills were improved with time and experiences. 
Students' subject knowledge was generally satisfied. For instance, the 
group which worked on 'Chemistry of Electrolysis' presented the meaning of 
electrolysis, the meaning of electrolyte, the factors affecting electrolysis, etc. 
They provided examples in order to elaborate their ideas. For example, they 
mentioned 'order of preferential discharge of ions' was one of the four factors 
affecting electrolysis and they presented the list of order. Another group which 
worked on 'Hydrogen fuel' presented the properties of hydrogen fuel, the ways 
to obtain it and different advantages of it. They presented some relevant 
pictures and the audience appreciated them very much. The researcher believed 
that students understood their self-learned knowledge very well. 
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Some further learning issues were generated. The researcher categorized 
them into four self-learning areas, namely 'Electrolysis of water and brine', 
‘Application of electrolysis', ‘Electroplating, and 'More about hydrogen fuel'. 
Students were very excited and chose their preferred self-learning area 
immediately. The researcher strongly believed that the students liked to choose 
their preferred learning. So choosing the preferred learning areas was definitely 
a facilitating factor of the implementation of PBL in secondary school. 
Seventh and Eighth sessions 
The students worked very hard in these sessions. They had excellent 
searching skills. They were able to search specific information. They hardly 
had any difficulty to understand the information. The researcher strongly 
believed that students successfully learned how to search appropriate 
information, how to understand them, how to analyze them, and how to 
synthesize them. 
The students tried better presentation methods. One of the groups 
approached Mr. Wang and requested to demonstrate an experiment in their 
presentation. Another group requested to show a movie in their presentation. 
The researcher believed that the students finally realized the importances of 
good presentation 
Ninth and Tenth sessions 
The students presented their self-learned knowledge as they did previously. 
They performed very well this time. One of the groups incorporated a simple 
1 2 0 
experiment demonstration in their presentation. One of the groups showed a 
movie in their presentation. The students had more eye contacts with their 
audience. Finally, students' presentation skills were advanced. 
Students' subject knowledge was generally satisfied. For instance, the 
group which worked on 'Application of electrolysis' presented 'production of 
useful chemicals', ‘extraction of reactive metals', ‘refining of metals', and 
'anodizing aluminium'. They used Powerpoint and animation in order to make 
their presentation more interesting. Another group which worked on ‘More 
about hydrogen fuel' presented the details of hydrogen, such as physical 
properties and uses of hydrogen, the hydrogen fuel cell, the hydrogen fuel 
rocket and the disadvantages of hydrogen fuel. They incorporated many 
pictures in their Powerpoint, such as the hydrogen fuel rocket, in order to 
enhance the visual effects of the presentation. 
Finally, students understood the concepts of hydrogen fuel and electrolysis, 
including the chemistry of electrolysis and the uses of it. During the job 
interview, students introduced themselves, emphasized their skills and abilities, 
and presented their knowledge on hydrogen fuel and electrolysis. Students 
successfully tried the real-world job interviews. 
In short, 'warm-up activity', ‘identifying keywords', and 'searching 
information' definitely were the facilitating factors of implementing PBL. On 
the other hand, 'identifying learning issues', 'self-learning', 'preparing 
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presentation', 'presentation', and 'peer-learning' probably were the hindering 
factors of implementing PBL. 
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4.2.2 Factors identified from the video data 
The video data interpreted the interaction between student-student and 
student-facilitator. During the first PBL phase, ‘meeting the problem', the 
students discussed actively among their groups while they identified the 
keywords. When students proceeded to ‘brainstorming’，some students were 
very quiet and listened to others, and some were very active and raised many 
opinions. When the facilitator joined students' discussions, many students were 
quiet and listened to what the facilitator said. The researcher realized that the 
students changed from active-participants to passive-learners when they were 
challenged by the facilitator. This may be due to students' perception of their 
roles. Students were used to be passive-learners and they believed that they 
should listened to teachers. The new roles of them were active learners that they 
should asked questions and raised opinions. However, they were not able to 
switch their roles suddenly. The researcher realized that students felt more 
comfortable to challenge the facilitator in the later stages of the study. 
During the second PBL phase, ‘self-learning，，students discussed with their 
peers actively on choosing the references, deciding the content of the 
presentation, designing the presentation method, and so on. The video data also 
revealed that the students' collaboration skills were not very good. Some 
students did not work closely with their peers. It may be because some 
outstanding students took up most of the works and the rest of the group got 
nothing to do. The facilitator explained to the students the philosophy and 
importance of group-work. Students' collaboration skills were improved with 
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time and experiences. Some students actively asked the facilitator questions, 
especially on the appropriateness of the found information. The researcher 
believed that the interaction between students and facilitator in this stage was 
high, it may because the students concerned their learned knowledge very much 
so they tried to confirm with the facilitator if they were learning appropriately. 
During the last phase of PBL, 'presentation', both student-student 
interaction and student-facilitator interaction were low at the beginning of the 
study. Some students on the floor were not listening to the presenters but 
worked on finalizing their presentation materials, they may be nervous for their 
presentation. Students hardly asked any question after each presentation, they 
may not understand the presentation, they may not know what to ask and how to 
ask, or they may be too shy to ask. When the facilitator asked the presenters 
some challenging questions, they spent their time to discuss but not tried to 
answer or admitted that they were not able to answer. The researcher realized 
that students were new to presentation and peer-learning, they needed time to 
adapt the new learning style. So students were reminded on their roles again and 
their presentation skills and peer-learning skills were improved with time and 
experiences. 
In short, 'group work', 'searching information', and 'selecting appropriate 
information' were definitely the facilitating factors of implementing PBL. On 
the other hand, 'facilitator's challenges' 'work-load of each member', 
'peer-learning skills', and 'questioning skills' were probably the hindering 
factors of implementing PBL. 
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4.2.3 Factors identified from the chemistry teacher 's interview 
Mr. Wang informally debriefed his implementation processes to the 
researcher after each session and a 30-minute semi-structured and open-ended 
interview was done at the end of the final study. Mr. Wang was asked to 
identify the factors facilitating and hindering his implementation of PBL. He 
reported that there were four positive factors and four negative factors. 
The first facilitating factor was the facilitator's understanding of PBL. Mr. 
Wang believed that if a chemistry teacher wants to implement PBL into his/her 
curriculum, he/she has to understand PBL thoroughly, including the 
philosophies and the processes of PBL. He/she could have a ten-page summary, 
similar to what we had in the final study, which explains what PBL is, how to 
implement PBL, how to facilitate students' learning, what the facilitator's role 
is, what the student's role is, etc. Moreover, he/she could have a mentorship 
program conducted by an experienced chemistry PBL facilitator, debriefing 
him/her how to be a PBL facilitator and demonstrating the complete PBL 
processes. 
The second facilitating factor was the availability of resources. Mr. Wang 
believed that they were so fortunate that they had many reference books and 
computers for students to access. He believed that however if the PBL program 
was implemented in a less well-equipped school, the students would had 
limited access for their self-learning. 
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The third facilitating factor was the facilitator's familiarization with the 
PBL design. Mr. Wang believed that the first phase, ‘meeting the problem, 
generating learning issues and categorizing learning areas', was the most 
critical part of the PBL processes. Guiding students to generate learning issues 
and categorizing learning issues into learning areas for students' self-learning 
were both very challenging activities. 
The fourth facilitating factor was the identification of the learning 
objectives. Mr. Wang believed that the learning objectives of both 'Redox' and 
'Electrolysis' were well identified. Students' learning outcomes proved that 
they had generated essential learning issues, and both self-learning and 
peer-learning were good. All learning objectives were learned well and 
satisfactory. 
On the other hand, Mr. Wang pointed out four factors which hindered his 
implementation of PBL in school. The first hindering factor was the location of 
the special rooms. During the self-learning session, Mr. Wang was hindered to 
help the students due to the architecture of the school. Since the students had 
free mobility for their self-learning, they went to ITLC on the ground floor, 
library on the floor, classroom on the floor or chemistry laboratory on the 
5th floor. Mr. Wang had to look for them everywhere and provided assistance 
for their self-learning. He commented that it was a difficult job. He believed 
that his job could be a lot easier if all special rooms were located on the same 
floor. 
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The second hindering factor was the students' collaboration skills and 
presentation skills. As far as Mr. Wang remembered, he was very satisfied with 
most students' presentations in the second pilot study two years ago but he was 
quite disappointed with the students' performances in the final study. He 
believed that the students in the second pilot study had acquired certain level of 
knowledge and experiences of collaboration work and presentation skills 
beforehand, so they showed significant improvements in these areas. However, 
the students in the final study had never encountered collaboration work or 
presentation. Thus, they probably had difficulties and burden with this learning 
style. Mr. Wang believed that if students had some preparation on collaboration 
work and presentation, it could be easier for a PBL facilitator to implement PBL 
into his/her chemistry curriculum. 
The third hindering factor was deciding the breadth and depth of the 
student's self-learning. Mr. Wang believed that students had difficulties in 
judging the breadth and depth of their self-learning. A PBL facilitator should 
provide students clear guidance on how much they should learn. For example, 
students presented information on 'other examples of oxidizing agents and 
reducing agents' and only provided few examples. A PBL facilitator should 
suggest students to prepare several oxidizing agents and several reducing 
agents as examples. 
The fourth hindering factor was the peer-learning. Since many students' 
presentation skills were not good, Mr. Wang doubted if their peers could learn 
well from the poor presentation. He suggested that a PBL facilitator should ask 
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students questions at the end in order to ensure that they had learned well from 
the peers. It could also be a method to highlight some learning objectives. 
128 
4.2.4 Summary of the factors facilitating and hindering the implementation of 
PBL in secondary school 
Analyses of the reflective journal, video data and interview data indicated 
that 7 factors must be presented in order to implement a chemistry PBL unit 
successfully in secondary school. 
The first facilitating factor was the implementation of the warm-up 
activities. The researcher started the problem 'Wool damage' by warming-up 
the students and asked them if they had ever done their laundries before. Most 
of them said they had never done their laundries but they explained why and 
whom helped them to do the laundries. The researcher also asked the students if 
they had ever used 'bleach' before. Most of the students said they had used the 
‘ 1 to 99 bleach' to clean and disinfect their livings. Moreover, Mr. Wang started 
the problem ‘Hydrogen fuel' by warming-up the students and asked them if 
they had any interview experience. All of them said they never had any. Mr. 
Wang further asked the students if they had thought of leaving school for work 
in the following year. Some of them said yes. During the warm-up section, 
students' thinking was initiated. 
The second facilitating factor was the identification of keywords. The 
students were asked to read the PBL problem and identified the keywords. They 
discussed actively among their groups and they identified the keywords 
successfully. It was not difficult for students to identify the keywords and this 
activity was a good start for students to carry on their brainstorming. 
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The third facilitating factor was the chemistry teacher's understandings of 
PBL, such as the PBL facilitator's roles. The facilitators in the final study had 
adequate understandings of PBL, especially their roles. They understood that 
they were no longer didactic teachers but PBL facilitators. They did not tell 
students what they should learn but helped them to identify learning issues. 
They did not assign students to focus on certain learning area but let them chose 
their preferences. They did not provide any learning material to students but 
assisted them to choose suitable learning materials. They did not teach students 
any chemistry knowledge but guided them to self-learn and learn from peers. 
They did not answer any students' questions directly but challenged their 
thoughts. 
Indeed similar suggestions found in previous studies. Dolman et al. (1993) 
believed that the facilitator should: 1) understand the subject matter covered in 
the course; 2) assist students in distinguishing main issues from minor issues; 3) 
use his or her expert knowledge appropriately; and 4) contribute towards a 
better understanding of the subject matter. Sage and Torp (1997) pointed out 
that a PBL facilitator should require professional development experiences 
which: 1) immerse participants in experiences with PBL as learners; 2) provide 
appropriate challenge with the necessary support to empower participants and 
build capacity and 3) allow time to reflect and connect with colleagues who also 
are learning about PBL. In addition, Mergendoller et al. (1993) and Achilles 
and Hoover (1996) provided staff development workshops for the PBL 
facilitators in their studies and Barg et al. (2000) addressed four main ways in 
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their staff development: 1) literature about PBL, 2) staff development sessions, 
3) scripts for teaching staff and 4) teaching mentors. 
The fourth facilitating factor was the identification of the learning 
objectives. Mr. Wang believed that the learning objectives of both 'Redox' and 
‘Electrolysis，were well identified. He had very clear ideas on what students 
should learn from each PBL unit, so that he could facilitate them in the best 
ways. For example, he was able to ask students more facilitating questions 
during the brainstorming or Q&A sections. As a result, students' learning 
outcomes proved that they had generated essential learning issues, and both 
self-learning and peer-learning were good. All learning objectives were learned 
well and satisfactory. 
The fifth facilitating factor was the opportunities of group learning. The 
students in the final study liked group-work. They liked to discuss, debate, 
argue and compromise with their peers. During the first phase, the students 
worked together closely to identify the learning issues. During the second phase, 
they worked together closely to search information, select information and 
prepare presentation. During the last phase, they worked together to present the 
information and answer the questions. 
Achilles & Hoover (1996) noted that group-learning is one of the essential 
components in PBL and which enhances students' learning attitude. Students 
were excited to learn in groups. They liked the group discussion that they could 
share their brainstormed ideas with their peers, they could challenge peers' 
1 3 1 
ideas, and they could argue and compromise with peers. They also liked to 
work closely with their peers such as preparing presentation, they could discuss 
on the content of the presentation, the way of presentation and their roles during 
the presentation. 
The sixth facilitating factor was the opportunities for students to choose 
their preferred learning areas. This was the first time for the students to choose 
their preferred learning areas and they were very excited and they enjoyed. 
The seventh facilitating factor was the accessibility of the learning 
resources such as references in library and internet access. The students in the 
final study were so fortunate that there were many reference books and 
computers in their school. Students had more channels to explore the 
information and the qualities of their learning were more promising. If the PBL 
program was implemented in a less well-equipped school, the students would 
have limited access for their self-learning. 
A similar point was also noted by Wenzel (1998) and he pointed out that 
one of the barriers inhibiting the incorporation of PBL into his undergraduate 
analytical chemistry courses was the lack of materials such as textbooks, lab 
manuals, and other educational aids. Wenzel (1998) also suggested that 
chemistry teachers should generate lists of related resources and ensure their 
availabilities in school library, public libraries and internet. 
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However, analyses of the reflective journal, video data and interview data 
have also revealed 6 major factors hindering the implementation of a PBL unit 
in school. 
The first hindering factor was the identification of learning issues. Students 
read and analyzed the PBL problems and identified the learning issues. It was a 
new and challenging task for many students. Students were puzzled and not 
sure what to ask and how to ask, or they were too shy to open their mouths, so 
they were not able to identify the learning issues. They never had a chance to 
think what they needed to learn, but they were always told what they should 
learn in order to tackle examinations. 
The second hindering factor was the searching of library references. At the 
beginning of the final study, students did not know how to search specific 
information but tried to read all books on shelves and information in the 
Internet. Students may never need to read other references than textbooks, so 
they were unfamiliar with library resources, such as the chemistry dictionary. 
The third hindering factor was the selection of the appropriate learning 
materials. Students had difficulties in judging the breadth and depth of their 
self-learning so some of them actively asked the facilitators how to select the 
appropriate information among the large amount of found information. The 
students concerned their learned knowledge very much so they tried to confirm 
with the facilitators if they were learning with the appropriate materials. 
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The fourth hindering factor was the way to assign an appropriate amount of 
workload to each member. During the self-learning period, some students 
worked very hard and some did not work at all. It may be because some 
outstanding students took up most of the work and the rest of the group got 
nothing to do. 
The fifth hindering factor was the students' presentation skills, in terms of 
both presenting and listening. Many students were not capable to prepare a 
good presentation, the visual aids were very poor, the eye contact with audience 
was inadequate, and the voices were too soft. As a result, the audience did not 
listen to their presentation attentively. In addition, students hardly asked any 
question after each presentation during the Q&A section after each presentation. 
They may not fully understand the presentation, they may be too shy to ask or 
they may afraid to ask inappropriate question. 
The sixth hindering factor was the location of the special rooms. The 
facilitators pointed out that different rooms located in different floors hindered 
him to look for the students. Since the students had free mobility for their 
self-learning, they went to ITLC on the ground floor, library on the floor, 
classroom on the floor or chemistry laboratory on the floor. The 
facilitators had to look for them everywhere and provided assistance for their 
self-learning. They believed that their jobs would be a lot easier if all special 
rooms were located on the same floor. 
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4.3 Differences in students，understanding of content knowledge and problem 
solving skills between the Problem Based Learning and didactic instruction 
groups 
4.3.1 Chemistry knowledge gained by PBL and didactic instruction students 
The pre-treatment scores of both groups ranged from 0 to 100. The mean 
score of the experimental group and the control group were compared by 
independent-samples t test (Table 4.6). Results showed that the mean difference 
was 7.04, t (37) = -1.12 andp = .27. It means that the pre-treatment ability of 
students in these two groups did not differ statistically. 
Table 4.6 - Independent-samples t test of pre-treatment mean scores 
Group N Mean SD 
Didactic instruction 19 61.11 22.55 
PBL ^ 68.15 r ^ 
p = .21 
At the end of the treatment, both groups of students were tested with 30 
multiple choice questions (MCQ), consisting of 15 ‘Redox’ questions and 15 
'Electrolysis' questions. The minimum total score of the test was scaled to 0 and 
the maximum score to 100. Mean scores on each topic were analyzed by 
one-way analysis of covariance (ANCOVA) which evaluates whether the 
adjusted group means differ significantly from each other. The independent 
variables were the PBL group and the didactic instruction group. The covariate 
was the students' pre-treatment chemistry examination scores. 
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The first one-way ANCOVA test was done on the dependent variable, 
Redox MC mean scores. A preliminary analysis evaluating the homogeneity of 
slopes assumption indicated that the relationship between the covariate and the 
dependent variable did not differ significantly as a function of the independent 
variable, F (1, 35) 二 .15, MSE = 210.63, g 二 .71, partial .004. The 
ANCOVA was significant, F (1, 36) = 4.00, MSE = 205.63, n = .04. The means 
of the Redox MC scores adjusted for initial differences were ordered as 
expected across the two instruction groups. The PBL group had the larger 
adjusted mean (M = 50.02), the didactic instruction group had the lower 
adjusted mean (M = 40.68). The following table summarizes the details of the 
result. 
Table 4.7 - One way ANCOVA on ‘Redox’ MC mean scores 
Group N Adjusted mean SD 
Didactic instruction 19 40.68 17.95 
PBL ^ 50.02 16.02 
n = .04 
The second one-way ANCOVA test was done on the dependent variable, 
Electrolysis MC mean scores. A preliminary analysis evaluating the 
homogeneity of slopes assumption indicated that the relationship between the 
covariate and the dependent variable did not differ significantly as a function of 
the independent variable, F (1, 35) = .48, MSE = 239.86, ^ = .50, partial r|^=.01. 
The ANCOVA was significant, F (1, 36) : 13.28, MSE = 236.36, n = .001. The 
means of the Electrolysis MC scores adjusted for initial differences were 
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ordered as expected across the two instruction groups. The PBL group had the 
larger adjusted mean (M :: 65.13), the didactic instruction group had the lower 
adjusted mean (M = 46.88). The following table summarizes the details of the 
result. 
Table 4.8 - One way ANCOVA on ‘Electrolysis’ MC mean scores 
Group N Adjusted mean SD 
Didactic instruction 19 46.88 23.33 
PBL ^ 65.13 18.52 
n = . 0 0 1 
The results and analyses concluded that the PBL students' understanding of 
chemistry knowledge was statistically better than that of the didactic instruction 
students. It implied that PBL is an effective teaching-learning method in order to 
promote students' deep level understanding of chemistry knowledge. This 
finding was supported by some previous PBL studies. Gallagher and Stepien 
(1996) reported that the PBL students had the highest gain in the growth of 
knowledge and such gain was significantly higher than that of the didactic 
students. 
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The notion that PBL promotes students' deep level understanding of 
chemistry knowledge was attributed to several probable reasons. 
The nature of the PBL problems: The PBL problems in the final study were 
so ill-structured and relevant to students that they may stimulate and motivate 
the students to learn with exploration and deep understanding. Many educators 
(Barell, 1995; Barrows, 1988, 1996; Checkley, 1998; Delisle, 1997; Woods, 
1997; Yuen & Lee, 2000) defined PBL as a teaching-learning method which 
used real-life problems as the context in order to initiate students' motivation, 
interests of learning and in-depth investigation of core content. 
Student-centred learning: PBL was no longer teacher-centre learning but 
student-centred learning and which placed emphasis on students' learning 
interests and thus enhanced the qualities of learning (Dunn & Phillips, 1998). 
For example, students chose their preferred learning areas, they searched and 
selected their learning materials. As a result, they learned the knowledge with 
deeper understanding. 
Students' learning responsibilities: The students may have the 
responsibilities to learn the material thoroughly in order to present and share the 
knowledge with their peers. Achilles & Hoover, (1996) emphasized that PBL 
motivated learners to assume their learning responsibilities. 
The emphasis of PBL: PBL may be more effective in promoting in-depth 
understanding of important content, and it may emphasize understanding rather 
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than memorization. Dods (1997) supported such believes. So the facilitators in 
the final study did not provide any notes for students to memorize any chemistry 
concept, but the facilitated the students to search, analyze, understand and 
synthesize the chemistry knowledge from different resources. 
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4.3.2 Problem solving skills gained by PBL and didactic instruction students 
Problem solving test consisted of 4 structured questions. Two questions 
were on 'Redox' and two on 'Electrolysis'. The minimum score of this problem 
solving test was 0 and the maximum score was 50. 
Firstly, problem solving skills of the students in the PBL and didactic 
instruction groups on the topic ‘Redox’ were compared and analysed by 
one-way ANCOVA. The independent variables were the PBL group and the 
didactic instruction group. The covariate was the students' pre-treatment 
chemistry examination mean scores. The dependent variable was the problem 
solving mean score on the topic 'Redox,. 
A preliminary analysis evaluating the homogeneity of slopes assumption 
indicated that the relationship between the covariate and the dependent variable 
did not differ significantly as a function of the independent variable, F (1, 35) 
=.17, MSE = 165.53, ^ = .90, partial .001. The ANCOVA was significant， 
F (1, 36) = 4.93, MSE = 160.44, £ 二 .(B. The means of the Redox problem 
solving scores adjusted for initial differences were ordered as expected across 
the two instruction groups. The PBL group had the larger adjusted mean (M = 
26.11), the didactic instruction group had the lower adjusted mean (M = 16.37). 
Table 4.9 summarizes the details of the result. 
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Table 4.9 - One way ANCOVA on 'Redox' problem solving scores 
Group N Adjusted Mean SD 
Didactic instruction 19 16.37 17.19 
PBL W 26.11 15.27 
n = .03 
Secondly, both groups' problem solving skills on the topic ‘Electrolysis’ 
were compared and analysed by one-way ANCOVA. The independent 
variables were the PBL group and the didactic instruction group. The covariate 
was the students' pre-treatment chemistry examination scores. The dependent 
variable was the problem solving mean score on the topic ‘electrolysis’. 
A preliminary analysis evaluating the homogeneity of slopes assumption 
indicated that the relationship between the covariate and the dependent variable 
did not differ significantly as a function of the independent variable, F (1, 35)= 
3.51, MSE = 119.66, ^ = .07, partial r |^=.10. The ANCOVA was significant, F 
(1, 36) 二 4.95, MSE 二 128.77, n = .03. The means of the Electrolysis problem 
solving scores adjusted for initial differences were ordered as expected across 
the two instruction groups. The PBL group had the larger adjusted mean (M = 
21.77), the didactic instruction group had the lower adjusted mean (M = 30.37). 
Table 4.10 summarizes the details of the result. 
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Table 4.10 - One way ANCOVA on 'Electrolysis' problem solving scores 
Group N Adjusted mean SD 
Traditional instruction l 9 21.77 12.46 
PBL 20 30.37 14?79 
12 = .03 
The results and analyses concluded that the PBL group's problem solving 
skills were statistically better than that of the didactic instruction group. It 
implied that PBL was an effective teaching-learning method in helping students 
to improve their problem solving skills. PBL probably helped the students to 
develop their inquiry abilities in the reasoning process and problem solving 
strategies since they were placed in the active roles in problem solving and 
confronted with practical problems. Similar believes was noted by Ram (1999). 
The finding in the final study was supported by previous PBL studies. 
Ben-Chaim et al. (1997) pointed out that the grade 7 and 8 PBL students 
developed better problem solving skills than the that of the didactic instruction 
students. The PBL students showed broader, more flexible and effective 
problem solving strategies. Ben-Chaim et al. (1998) also pointed out that when 
compared with the didactic instruction students, only a small percentage of PBL 
students provided correct answers but incorrect explanation, or incorrect 
answers with incorrect explanation. Gallagher, Stepien and Rosenthal (1992) 
pointed out that the PBL students included 'problems finding' before they tried 
to solve the problems. But the didactic instruction students had great tendencies 
to move directly from 'fact finding' to 'implementation' of the solution, without 
defining the problems or considering any alternative solution. 
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4.4 Chemistry students，attitudes towards Problem Based Learning 
This section reported the reliability of the questionnaire, the attitudes 
towards PBL after implementing ten PBL sessions, the attitudes towards PBL 
after implementing twenty PBL sessions, and the differences between the 
attitudes measured at two different stages. 
4.4.1 Reliability of the questionnaire data 
The Cronbach alpha of the data collected by the entire questionnaire 
was .85, indicating that the reliability of the student data was high. The 
Cronbach alpha of the six sub-scales ranged from .63 to .87. Although the 
sub-scale 'attitude towards peer-learning' had the lowest alpha value (.63), it 
was still an acceptable value, indicating that the reliability of student data was 
moderate. The sub-scales ‘attitude towards facilitator' and ‘degree of dislike 
using PBL' had the highest value of alpha (.87). This indicates that the 
reliability data collected by these two sub-scales were the highest. The 
following table summarizes the reliabilities of each sub-scale of the 
questionnaire. 
Table 4.11 — Reliabilities of questionnaire sub-scales 
Sub-scale Reliability (Cronbach alpha) 
Attitude towards facilitator .87 
Attitude towards generic skills .73 
Attitude towards self-learning .82 
Attitude towards peer-learning .63 
Degree of dislike using PBL .85 
Degree of liking using PBL .87 
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4.4.2 Students，attitudes towards PBL after the second PBL unit was 
implemented 
Students' attitudes towards PBL were collected after the second PBL unit 
‘Wool damage' was implemented. The following table summarizes the results. 
Table 4.12 Students' attitudes towards PBL after the second PBL unit was implemented 
Sub-scale Mean score SD 
Attitude towards facilitator 2.10 .73 
Attitude towards generic skills 2.18 .55 
Attitude towards self-learning 2.33 .68 
Attitude towards peer-learning 2.33 .54 
Degree of dislike using PBL 3.18 .48 
Degree of liking using PBL 2.07 .63 
Note: Means were based on a scale of 1 (strongly disagree) to 4 (strongly agree) 
The mean value of the overall attitude towards PBL was 2.20 (SD=.59). The 
students generally disagreed with the whole questionnaire. It implied that the 
students' general attitudes towards using PBL were not as good as expected. 
The mean value of the sub-scale ‘attitude towards facilitator' was 2.10. The 
students generally disagreed with this sub-scale. It implied that the students 
generally did not accept the chemistry teacher's new role. The mean value of 
the sub-scale ‘attitude towards generic skills' was 2.18. The students generally 
disagreed with this sub-scale. It implied that the students generally did not 
believe that they had gained any useful generic skills from PBL. The mean 
value of the sub-scale ‘attitude towards self-learning' was 2.33. The students 
generally disagreed with this sub-scale. It implied that the students did not like 
the self-learning method. The mean value of the sub-scale 'attitude towards 
peer-learning' was 2.33. The students generally disagreed with this sub-scale. It 
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implied that the students did not like to learn from peers. The mean value of the 
sub-scale ‘degree of dislike using PBL’ was 3.18. The students generally 
agreed with this sub-scale. It implied that students hated using PBL. The mean 
value of the sub-scale ‘degree of liking using PBL’ was 2.07. The students 
generally disagreed with this sub-scale. It implied that students did not like 
using PBL generally. 
It was not surprising that the students' attitudes towards PBL were not so 
good after 10 sessions of experience. This was the first time for the students to 
experience PBL. Most of them used to learn by rote for over ten years. They 
may be frustrated and lost when they first encountered this novel learning 
experience. They may not accept the chemistry teacher not teaching them, not 
giving them notes, not telling them the answers. Moreover, they also may not 
accept that they had to spend time to look up their own learning materials, to 
learn by themselves and to share the knowledge with peers. Similar believes 
were supported by previous studies, Bernstein et al. (1995) reported that the 
students felt that PBL demanded 'too much time' and 'too much work'. 
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4.4.3 Students ’ attitudes towards PBL after the third PBL unit was implemented 
Student's attitudes towards PBL were assessed by the same questionnaire 
after the third PBL unit, ‘Hydrogen fuel', was implemented. The mean value of 
the overall attitude towards PBL measured at the end was 2.86 (SD二.56). The 
students in the final study generally agreed with the whole questionnaire. It 
implied that the students' general attitude towards using PBL was good. The 
following table summarizes the attitudes towards each sub-scale after the third 
PBL unit was implemented. 
Table 4.13 - Students' attitudes towards PBL after the third PBL unit was implemented 
Sub-scale Mean score SD 
Attitude towards facilitator 2.79 .66 
Attitude towards generic skills 2.77 .70 
Attitude towards self-learning 3.00 .54 
Attitude towards peer-learning 2.79 .64 
Degree of dislike using PBL 2.18 .79 
Degree of liking using PBL 2.81 .65 
Note: Means were based on a scale of 1 (strongly disagree) to 4 (strongly agree) 
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Student data collected after the second PBL unit was implemented were 
compared with the data collected after the third PBL unit was implemented. 
The mean difference of the overall attitudes towards using PBL was .66. The 
paired-sample t test results indicated that the mean 'overall attitudes towards 
using PBL’ after the third PBL unit was implemented (M 二 2.86, SD = .56) was 
significantly greater than the mean after the second PBL unit was implemented 
(M = 2.20, SD = .60), t(12) = 2.37, fi = .04. Table 4.14 summarizes the results 
of the paired-sample t tests on each sub-scale of the questionnaire. 
Table 4.14 - Results from the paired sample t tests on students' attitudes towards PBL 
Sub-scale Mean score Mean score t_ � 
after PBL after PBL 
Attitude towards facilitator 2?T9 22\~~.04 
Attitude towards generic skills 2.18 2.77 2.23 .04 
Attitude towards self-learning 2.33 3.00 2.23 .04 
Attitude towards peer-learning 2.33 2.79 2.79 .02 
Degree of dislike using PBL iJ^ -3.24 .01 
Degree of liking using PBL ^ l Y l Yh 
Note: Means were based on a scale of 1 (strongly disagree) to 4 (strongly agree) 
The mean difference of the sub-scale 'attitude towards facilitator' was .69. 
The paired-sample t test results indicated that the mean 'attitude towards 
facilitator' after the third PBL unit was implemented was significantly greater 
than the mean after the second PBL unit was implemented. It implied that the 
students changed their attitudes towards the PBL facilitator from dislike to like, 
unacceptable to acceptable. The students initially did not like the facilitator not 
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giving them any answer, but finally they liked the facilitator assisting them to 
find the solution on their own. 
The mean difference of the sub-scale ‘attitude towards generic skills' 
was .59. The paired-sample t test results indicated that the mean ‘attitude 
towards generic skills' after the third PBL unit was implemented was 
significantly greater than the mean after the second PBL unit was implemented. 
It implied that the students changed their attitudes towards the gained generic 
skills from not believe to believe and dislike to like. The students initially did 
not believe that they had improve their generic skills and they did not like to 
improve the skills by using PBL, but finally they realized that their generic 
skills were significantly improved due to PBL and they appreciated it very 
much. 
The mean difference of the sub-scale 'attitude towards self-learning' 
was .67. The paired-sample t test results indicated that the mean 'attitude 
towards self-learning' after the third PBL unit was implemented was 
significantly greater than the mean after the second PBL unit was implemented. 
It implied that the students changed their attitudes towards self-learning from 
hate to like. The students initially hate to learn by themselves, they thought the 
learning material should be provided and they should be told what should be 
learned. Finally, they liked to learn by self-learning, such as searching, 
analyzing and selecting the learning materials, and they especially liked to 
choose their preferred learning areas. 
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The mean difference of the sub-scale ‘attitude towards peer-learning' 
was .46. The paired-sample t test results indicated that the mean 'attitude 
towards peer-learning' after the third PBL unit was implemented was 
significantly greater than the mean after the second PBL unit was implemented. 
It implied that the students change their attitudes towards peer-learning from 
dislike to like. The students initially disliked to learn from peers, for example 
they did not like to ask any question after peers' presentations. But finally they 
liked peer-learning such as challenging and accepting peers' presentations. 
The mean difference of the sub-scale ‘degree of dislike using PBL' was 
1.00. The paired-sample t test results indicated that the mean 'degree of dislike 
using PBL' after the third PBL unit was implemented was significantly lower 
than the mean after the second PBL unit was implemented. The mean 
difference of the sub-scale ‘degree of liking using PBL’ was .74. The 
paired-sample t test results indicated that the mean ‘degree of liking using PBL' 
after the third PBL unit was implemented was significantly greater than the 
mean after the second PBL unit was implemented. It obviously indicated that 
the students changed their like-dislike attitudes towards PBL with time, they 
disliked using PBL at the beginning but liked it at the end. 
1 4 9 
At the end of the final study, after 20 sessions of PBL experiences, students 
started to like this innovative teaching-learning method. All attitude sub-scales 
were statistically improved. 
The students liked 'self-learning' at the end of the treatment much more 
than they did in the middle of the treatment. A student casually told the 
researcher that she never knew anything about the chemistry dictionary and she 
even did not realize its existence. PBL made her realize the usefulness of the 
chemistry dictionary, other references and the internet. She also said that she 
would not only rely on teacher's notes in the future. Similar findings were noted 
in previous studies. For instance, Jervis and Morris (1996) concluded that their 
PBL students learned to use technical literature and became capable of 
extracting relevant information. Sage & Torp (1997) noticed that their PBL 
students previously uninterested in schoolwork but began to explore new 
resources at home and at the public library. Abate et al. (2000) reported that the 
PBL students indicated in the open-ended questions that the most important 
skills they acquired from the PBL sessions were ‘use of resources'. Results 
from another evaluative questionnaire showed that PBL promoted students' 
active participation in the learning process including self-direction, 
identification of own learning needs and the integration and synthesis of a 
variety of knowledge (Cooke and Moyle, 2002). 
The students also accepted the facilitator's roles, for instance the facilitator 
provided them with appropriate assistance. This finding was also noticed in 
previous study; Mpofu et al. (1998) reported that the PBL students rated the 
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importance of the facilitator's role very high. The PBL students rated high 
importance on 'the style used the tutor as facilitator affecting group 
functioning'. The PBL students also commented that they desired the 
facilitation from expert facilitators, who would fill in any of their knowledge 
gap. 
Although the rating of the sub-scales ‘generic skills' was the lowest among 
all, but it was still an acceptable rating. The students agreed that PBL promoted 
their generic skills such as communication skills, presentation skills and 
problem solving skills. Similar findings were noticed in previous studies. 
Students pointed out that PBL encouraged team-work and developed group and 
participation skills, including debate, presentation, discussion and 
self-awareness in a group environment (Biley, 1999). Abate et al. (2000) 
pointed out that the majority of the PBL students believed the most important 
skills they acquired from PBL were communication skills, group interaction 
skills and problem solving skills. Carey and Whittaker (2002) reported that 
79% of their PBL students commented that they had learned how to work 
together and tolerate others' perspectives. Results from another evaluative 
questionnaire showed that PBL promoted students' problem solving skills, 
communication skills, teamwork and learning from peers (Cooke and Moyle, 
2002). 
Moreover, students' attitudes towards using PBL, in terms of different 
sub-scales, were improved with time. Such changes may due to several 
probable reasons: 1) the students started to get use to the novel learning method 
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after 20 sessions of experiences; 2) the students became less frustrated and their 
confidence became higher; and 3) the students believed that their learning 
outcomes were improved, such as the presentation skills. 
Similar findings were noted in previous studies. Scheiman and Whittaker 
(1990) pointed out that the PBL students were initially quite anxious and 
negative about the course, especially the course required a significant increase 
in workload for the students compared to traditional course. After several 
weeks, as the students adapted to these changes, most of them felt that they 
were learning more in the PBL format than in the traditional one. Greg (1993) 
asked his PBL students to evaluate the importance of self-learning three times 
throughout the study year. He concluded that his students' perceived 
importance of self-learning was significantly improved across the study year. 
Birgegard and Lindquist (1998) asked their PBL students to grade the extent to 
which their studies encouraged their ‘problem solving' and ‘study outside 
textbook', at the beginning and the end of the study year. Results showed that 
the mean grades of the both items were significantly improved with time. 
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Chapter Five 
Conclusions 
5.1 Summary of the study 
This study involved two groups of chemistry students randomly selected from 
a secondary 4 class of a local grammar school. The experimental group was 
treated with PBL and the control group was treated with didactic instruction. 
During the final study, both groups learned two chemistry topics, namely ‘Redox’ 
and 'Electrolysis' at the same time with the same duration. 
In this study, twelve essential characteristics were found in order to design and 
develop an effective PBL unit for secondary school chemistry: 1) the problem 
requires students to apply prior knowledge; 2) the problem contains several cues 
that stimulate students to elaborate; 3) the problem is presented in a real life 
context; 4) the problem reflects real world complexity; 5) the problem designed 
takes account the intellectual development and social-emotional needs of students; 
6) the problem promotes the development of generic skills (e.g. communication 
skills and presentation skills) and content knowledge; 7) the problem is not so 
rigid with one right solution, one way of reaching solution, or one way of 
instruction; 8) the problem stimulates self-directed learning, such as researching 
information for problem solving; 9) the problem matches with one or more of the 
curriculum objectives; 10) the problem contains clear and focused questions; 11) 
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students are provided with essential resources; and 12) the assessment tasks are 
authentic. 
Seven factors facilitating the implementation of PBL in chemistry were found: 
1) the warm-up activities; 2) the identification of keywords; 3) the chemistry 
teacher's understandings of PBL; 4) the identification of the learning objectives; 
5) the opportunities of group learning; 6) the opportunities for students to choose 
their preferred learning areas; and 7) the accessibility of the learning resources. 
However, six factors were also identified which hindered the implementation 
of PBL in chemistry: 1) the identification of learning issues; 2) the searching of 
library references; 3) the selection of the appropriate learning materials; 4) the 
way to assign an appropriate amount of workload to each member; 5) the students' 
presentation skills; and 6) the location of the special rooms. 
The results of ANCOVA of test scores indicated that PBL was an effective 
method to improve students' understanding of chemistry knowledge and to 
enhance students' problem solving skills. Furthermore, students' attitudes towards 
PBL became significantly better with time. 
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5.2 Implications for teaching and learning of chemistry in secondary schools 
The findings of this study provide support for the use of an innovative 
teaching-learning method in secondary school chemistry — PBL. Empirical 
evidence is now present to show that PBL is an effective means of improving 
students' understanding of chemistry knowledge and their problem solving skills. 
Students also showed good attitudes towards PBL. Thus, it is worthwhile for other 
chemistry teachers in Hong Kong to try this innovative teaching-learning method 
in their schools. Lai (1994) pointed out that most of the Hong Kong students like 
to learn with innovations. 
Implementing PBL in Hong Kong secondary schools requires the chemistry 
teachers to subscribe a different conception of teaching-learning in order to be 
able to assume a different role; role of a facilitator rather than a knowledge 
provider. The teachers will no longer be an authority figure, determining what is 
to be learnt and how the learning is to take place (Bridges & Hallinger, 1996;). 
This will go against the general culture in many Hong Kong secondary schools 
(Yuen & Lee, 2000). The teachers will have to be convinced that this approach 
can work even with unmotivated students and that students can learn on their own 
given the right contexts and guidance. Teacher education and support will 
therefore be the very important factors in determining the success of such an 
approach. 
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Such kinds of teacher education program or teacher development activities are 
highly recommended to be considered and arranged by the Education and 
Manpower Bureau of HKSAR. Or the chemistry teachers should be supported by 
their schools to attend the PBL workshops arranged by different universities in 
Hong Kong such as Hong Kong Centre for Problem-Based Learning. 
The chemistry teachers should be supported to implement PBL in their schools 
in terms of resources as well. The computing facilities including the hardware and 
software should be considered and well-equipped. The library facilities such as 
references other than locally printed textbooks should be considered and well-
equipped. 
Since implementing a new teaching-learning strategy is a demanding job for 
the chemistry teachers, they should be supported by means of having a fair 
amount of workload. Many Hong Kong secondary school teachers have too much 
workload, such as taking care of many extra-curricula activities. Thus, they could 
never have time and effort to try a new teaching-learning method even though 
how promising they are. 
Moreover, students should be encourage and supported to adapt to this new 
situation and take a more active role in the learning process. Students should be 
convinced by the examples of past successful studies. They should be encouraged 
to try the new learning method in order to improve their skills, apart from gaining 
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chemistry knowledge. Since most of the Hong Kong students heavily concern 
about the public examinations, PBL should not be implemented when they are 
busy in their examination preparation. 
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5.3 Limitations and recommendations for future research 
One of the limitations of this study was the chemistry teacher, Mr. Wang, was 
not an expert PBL facilitator. Although he used PBL twice in two pilot studies and 
this is the third time for him to played the role of PBL facilitator, he taught with 
didactic instruction for over 20 years. So Mr. Wang was not an experienced PBL 
facilitator as the researcher of this study or other expert PBL facilitators. For 
example, he may have provided too much assistance to the students. In the future 
studies, chemistry teachers should receive some PBL training before they use PBL 
in their schools. The training could be conducted by the means of workshop, 
providing both knowledge and experience of PBL. Thus, the implementation 
process and students' learning outcomes will be more promising. 
Another limitation of this study was the sample size. The sample size of the 
final study was not large enough and this may affect the results of the statistical 
analyses. The future studies should adopt a larger sample size so as to achieve 
more convincing statistical results, such as two chemistry classes and each with 40 
students, one PBL class and one control class. 
The future studies may expand the scope of the achievement test by including 
other valuable learning outcomes such as experimental practical skills. They may 
include more chemistry topics or conducted in other secondary levels. 
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Longitudinal studies could also be considered to evaluate the PBL students' 
knowledge retention and their attitudes towards PBL. 
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Appendix 1 
Evaluation Report of the PBL Pilot Study 
Date and Time: 16.08.01, 0940-1210 and 18.08.01, 1100-1255 
Location: Function Room 
Subject: 12 students (9 boys and 3 girls promoting to S.4 in Sep 2001) and the facilitator (Mr. 
Wong) 
Problem title: Spectacle Frame 
Design and development of the Problem Based Learning unit 
One of the S.4-S.5 chemistry syllabus topics, "corrosion of metals and their protection", was 
chosen and developed into PBL unit. Based on the learning objectives suggested by CDC, an ill-
structured real-life problem was designed. The designed problem named "Spectacle Frame", it 
described a boy's spectacle frame is rusted and need to get a new pair. Students are required to 
suggest how to choose a new pair of spectacle frame for the boy. From the point of the problem 
saying the paint coating on the old spectacle frame is fallen off and some reddish material is 
exposed. Students are expected to brainstorm the relationship between fallen off paint coating and 
rusting and learn the causes of rusting. Students are also expected to brainstorm what is the 
reddish material and learn the observation of rusting. The problem also said the boy is sporty and 
sweats a lot. Students are expected to brainstorm and learn the relationship between sweat and 
corrosion and the factors affecting the corrosion. Finally, the problem asked students to decide 
and choose a suitable frame for the boy. Students are expected to brainstorm and learn the ways 
to prevent corrosion. Students are also expected to solve the problem and make proper decision 
on choosing the frame. 
The developed PBL unit includes two sets of handout, one for the students and another for the 
facilitator. The student's handout includes the "problem", "student's note" that explains what is 
PBL and student's role and "guided written sheet" for students to jot down what they have done 
in different phases. The facilitator's handout includes the "problem", "suggested warm-up 
questions", "keywords of the problem", "suggested brainstorming questions", "learning issues", 
"suggested learning resources", "facilitator's note", "lesson plan", "learning objectives" and 
“room and equipment". 
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This pilot PBL was designed in three phases. The first phase was done on the first day, the 
second phase was done between the first day and second day and the third phase was done on the 
second day. 
The design of the first phase mainly includes "meeting the problem", "identifying keywords", 
"deciding what you don't know and want to know", "generating learning issues", "categorizing 
and prioritizing learning issues" and "working out action plan". Students start with learning what 
is PBL and what will they do during these couple of days. Students form groups on their 
preferences and start to work on the "problem". After reading the problem, facilitator clarifies the 
unknown words. Students then mark the keywords of the problem and brainstorm what they don't 
know and they need to know as to solve the problems. Facilitator assists students by asking open-
ended questions. After all, each group presents with explanation on the learning issues generated. 
Facilitator then assists students to categorize the learning issues into several learning areas. 
Finally, each group decides and chooses the preferred learning area. 
The second phase mainly includes "searching information", "understanding information", 
"analyzing information" and "preparing presentation". Students work out an action plan among 
their group and each group member is responsible for certain duty. Based on the chosen learning 
area, students are expected to search and gather information from different channel, such as 
library and internet. Facilitator assists students if they have problem in searching information. For 
example, students do not have any idea on how to search proper information, facilitator could 
provide searching hints, such as the searching keywords. Student then study and analyst the 
information. Facilitator assists students if they have difficulty in this stage, such as explaining the 
information to them or suggesting alternative resources to them. Finally students prepare 
presentation as to share the new knowledge with peers. Facilitator assists students by providing 
necessarily equipment and presentation ideas. 
The third phase mainly includes "presentation" and "questions and answers". Each group 
presents their new knowledge. Peers pay attention to learn the new knowledge since this is the 
only learning opportunity. During Q&A, students ensure they understand the new knowledge by 
asking questions and the presentation group provide clear answers. 
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Appendix 1 
Implementation of the PBL unit 
Day One (16.08.01) 
The facilitator started the Problem Based Learning pilot programe by introducing to the 
students what is PBL. The facilitator further explained that during the PBL pilot programe, 
students have to work in groups and take up roles such as group leader or secretary. Students 
started to form their groups, 3 groups formed and each group with 4 students 
The facilitator warmed up the students by chatting with them on issues related to the problem, 
since the problem is about spectacle frames, the facilitator discussed with students about their 
eyesight and different kinds of glasses they were wearing. The facilitator then distributed some 
old spectacle frames to the students and asked them to take a good look on them. Some of the 
spectacle frames were rusted and the facilitator asked the students to pay attention to the rust. 
Meanwhile, prepared student's handouts were distributed to the students. The facilitator asked 
students to read the first page of the handout, which is the "problem". The facilitator then started 
to clarify the words that students did not understand. Students asked a couple of unknown words, 
such as "corrode" and "itchy". Students were then asked to mark the keywords they believed that 
were important in the problem 
The facilitator reminded students' previous knowledge about corrosion by asking them what 
kinds of corroded material they encountered from daily life. Students participated fairly active 
and mentioned couples of example, such as water pipe, bike chain, locker and chair. 
Students started brainstorming against the given problem. They discussed among their groups 
and listed out "what they don't know and need to know". Students discussed nearly 1 hour and 
came up with lists of "learning issues". 
After all, all the "learning issues" were recorded on the white board and the facilitator helped 
them to categorize the "learning issues" into 4 learning areas. Groups were then asked to choose 
the interested learning area and they were told that they have to self study the area and share the 
new knowledge with peers on day after. Students quickly decided and chose their preferred 
learning area. One additional learning area, "advantage and disadvantage of corrosion", was 
chosen by one group voluntarily. As a result, the learning area "chemistry of corrosion" left 
behind and finally decided to be shared by the other two groups. 
Finally the facilitator suggested students number of ways to search related information for 
their self-study, such as library and internet. Students were also reminded that they could further 
discuss the issue in the morning of IS^ *" August 2001. The facilitator would arrange the function 
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room for the students to meet up for the presentation preparation an hour and half before starting 
the presentation. 
Days between Day 1 and Day 2 
Students were told to do self-study against the chosen learning area(s). They were expected to 
search the relevant information through different channels, such as library, textbook, internet, etc. 
Then they should learn and understand the information on their own. They were also expected to 
discuss the new knowledge with peers within their groups especially when they prepared their 
presentation. 
Day Two (18.08.01) 
Students gathered in the function room earlier before the presentation started. They worked 
hard with their group members, they discussed on what they have found and they prepared the 
transparencies. Meanwhile, researcher asked them to fill in the "guided journal", especially the 
time they have spent on different activities and their feelings about the PBL. The facilitator asked 
the students where did they find the learning resources. Most of the students said they found the 
learning material through internet, and none of them approached the local library (school library 
was closed during summer holiday). 
The facilitator prioritized the order of presentation and started with "chemistry of corrosion". 
The group representative used projector and transparencies to present what his group learned 
about "chemistry of corrosion" to the peers. He presented the ideas by answering all the questions 
listed on the learning issues. It seemed not a fluent presentation but just answering all the 
questions. After the presentation, there supposed to be a Question and Answer session, audiences 
supposed to ask questions as to clarify what they did not understand or what they needed further 
explanation. However, all students were very quite. It seemed that they did not know what to ask 
and how to ask. The facilitator and researcher helped by asking simple and open-ended questions. 
Finally, one student asked a question and the facilitator clarify by rephrasing the question. The 
presentation group did not have any idea to answer the question and one of the audiences tried to 
answer the question. The facilitator also tried to help. 
The other group presented "factors of corrosion". Students were more comfortable to raise 
questions after presentation. Several questions raised, such as 'Why Sodium Chloride affects 
rusting speed'. However, one of the groups was very quite, even though the facilitator tried very 
hard to persuade them to participate, they were still sitting quietly and show little response. While 
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the presentation group thinking about the answer, the facilitator helped them by reminding their 
previous knowledge, such as what they have learned from Integrated Science in S1-S.3. 
One of the presentation groups was so frustrated when attempting to answer a question raised, 
the facilitator noticed that the presentation group actually had the information on their 
transparencies and he tried to help them and asked them to re-read their transparencies. It seemed 
that some of the students did not completely understand what they have learned on their own and 
they were not capable to analyst and apply the learned knowledge. 
The final part of the presentation was about the "advantage and disadvantage of corrosion", 
students actually found irrelevant information. It turned out to be a topic for open discussion. 
However, students seemed too tired and not interested to explore it furthermore. 
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Success of this pilot study 
Students performed impressively on the first activity, marking the keywords of the "problem". 
There were totally 11 keywords expected by the researcher and 10 out of them were successfully 
hit. 2 keywords were hit by almost all students (9 out of 11) and another one was hit by 8 students 
out of 11. Moreover, there were 8 new keywords marked by students unexpectedly. Students 
participated this activity actively and successfully. The following table showed the keywords 
expected to be marked and the actual numbers of students hit it. It also recorded some unexpected 
keywords and numbers of students hit it. 
Expected keywords Numbers of hit (out of Unexpected keywords Numbers of hit (out of 
11) 11) 
Rusting 5 Sport 7 
Corrode 2 New look 1 
Paint coating is falling 4 Itchy 2 
off 
Reddish material 4 Spectacle frame 2 
exposed 
Sweat 7 Spectacle 3 
Non-metal 9 Eyesight check 2 
Metal 3 silver 1 
Metal plating 9 Choosing, thinking 1 
and deciding 
Plastic coating 8 
Paint coating 6 
Rubbish 0 
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Students performed very well during the "brainstorming". Each group successfully generated 6-7 
"learning issues". The following table showed each group's suggested "learning issues". (A, B 
and C are names randomly assigned for each group) 
Al. How to prevent rusting? 
A2. What material can prevent rusting and cheap except plastic? 
A3. What kind of glasses is suitable for sporty people who sweats a lot? 
A4. What substance can be used to make spectacles frame and can prevent allergy and safe? 
A5. What make spectacle frame become rusting? 
A6. Why there are different colour occur when rust? The different substances react with different 
material? 
B1. Why does Andy feel itchy? 
B2. What is the relationship between sweat and rusting? 
B3. Was there any spectacles frame make up of stainless steel? 
B4. Why were there different coloured substances produced when different materials go rusting? 
B5. Were there any difference between rusting and corrosion? 
B6. What is the cause for corrosion? 
B7. What is the substance inside the sweat? 
CI. What is the reddish material? 
C2. What are the components of sweats? 
C3. What is the cause of rusting? 
C4. Why did he feel a bit itchy? 
C5. Does the optician opinion is always true? 
C6. Which kinds of materials will rusting easily? 
CI. Is there any relationship between corrosion and rusting  
The facilitator then helped the students to categorize the "learning issues" into several learning 
areas. The following table showed the learning areas and the related learning issues. 
1. Causes of corrosion (A5, Bl, B5, B6, C3, C4) 
2. Factors (A3, B2, B7, C2, C6, CI) 
3. Prevention (Al, A2, A4，B3, C5) 
4. Observation (A6, B4, CI) 
5. Advantage? Disadvantage? 
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Students reported the time spent on different activities and the learning material resources. 
Time spent on Time spent on Time spent on Time spent on Learning material 
searching self study (min) discussion with presentation 
learning material peers (min) preparation (min) 
(min) 
1 1 30 15 ^ Textbook 
"30 ^ 15 ^ Textbook, computer 
software and internet 
H 10 15 30 Textbook 
1 ^ ^ Microsoft Encarta 
Encyclopedia 
~30 ^ 15 ^ Textbook, computer^ 
software and internet 
^ 15 ^ Homepage from 
internet 
1 ^ ^ ^ Internet 
l5 ^ 60 10 
"1 ^ 10 Microsoft Encarta 
Encyclopedia 
10 15 20 Internet and 
www.hkexam.org 
^ 10 ^ Internet (Search 
rusting on Yahoo) 
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Suggestions for improvement 
1. The chemistry teacher's opinion is essential for design and development of the PBL units. 
Invite the chemistry teacher to design and develop the PBL units. 
2. After the units developed, they should be evaluated and approved by external experts, both 
PBL expert and chemistry curriculum expert. 
3. The facilitator should ensure the students completely understand the "problem". For example, 
facilitator could select some students randomly to explain the problem in their own words. 
4. Students should explain the importance of the selected keywords. 
5. Reminding students' previous knowledge should be done during the warm-up activity. 
6. The time allocated for the brainstorming is too much. Students do not have such long time 
span. It should be shortened. 
7. The facilitator should assist students to categorize the learning issues instead of did it all on 
his own. He should ask students to try to categorize the learning issues and help them or 
correct them if necessarily. 
8. The literature searching and self-learning period should be arranged properly. For example, 
there should be one session allocated for this activity. Students could choose to stay in their 
original classroom or go to library or multimedia room. Facilitator should be available and 
students could approach him for any problem encountered on literature searching and 
learning. 
9. The facilitator should emphasize to the students that they have responsibilities to prepare neat 
presentation since this is the only chance for their peers to learn the knowledge from them. 
10. Facilitator should also assist students to prepare their presentation. For example, facilitator 
should suggest different presentation skills such as preparing presentation handouts for the 
peers, presenting ideas logically and fluently, using Powerpoint, experiment demonstrating, 
etc. 
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What do you like about this programe? 
Interesting and less people 
Exciting, meaningful, peaceful, few people and comfortable (air-conditioning) 
Interesting, meaningful, quiet and comfortable 
Discussion, exchange idea 
More chance to ask question 
Very interesting. It makes more chance for us to learn things, thinking, speaking. And it 
encourages us to find some non-textbook information 
Discussion in group. Express idea or opinion during discussion is enjoyable. Learning more about 
knowledge in chemistry 
Discuss with friends 
Air-conditioning, the lesson style 
Many chance for speaking 
What do you dislike about this programe? 
Time too long, questions are too difficult and uncomfortable chairs 
Time too long (x2) 
The speed became slower 
Too less people (x2) 
Chairs are too hard and words are too difficult 
Nothing 
Further Comment 
I learnt about the corrosion, rusting and the difference between them, through this programe, I 
also learned how to cooperate with the partners 
I have learned that rusting is a particular name given to the corrosion of iron in these two days. 
For other metal, called corrosion. I also knew some ways to prevent rust. Through it, I realized 
that teamwork is important and I need to be more active in activities 
After this programe, I've learned the difference between corrosion and rusting and more 
knowledge in chemistry 
After this programe, I've learned more about rusting and corrosion. Before I thought that just the 
useless things. In fact, sometimes corrosion is useful. And this programe can improve the 
friendship between us 
A bit boring and the subject can be more interesting 
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PBL Experts' Comments on ‘Wool damage，and 'Hydrogen fuel， 
Dr. Chung (Hons Kong Polytechnic University) 
1. Generally good 
2. Facilitator's package: Make this one as a teaching-learning package for tutor, i.e., it 
consists of sections: 1. Introduction of PBL, 2. Structure of classes, 3. Two PBL 
problems with facilitator notes, 4. Test and 5. Student evaluation form 
3. Students' package: Make this section to be more user-friendly and easy to lead for 
student. Highlight why and how students will benefit from the PBL process 
4. Introduction change to 'why using PBL’ 
5. Explain the teaching format and schedule 
6. How should students structure and benefit most the self-study sessions 
7. Not necessarily to include facilitator's activity in student's learning package 
8. Good design and spacing for students to fill in key information 
Dr. Johnston (University of Hong Kong) 
1. As originally presented, it is not problem-based learning but problem-solving learning 
in small groups. There is too much directions and input by the facilitator and the 
problems read like text-book exercises. No professional will be asked to help Stephen 
and Stephen is supposed to be qualified and do it himself. Students should take on the 
role of a qualified professional 
2. You will need to brief students thoroughly about the process and the role they play. 
Your current handout is too academic and needs to be pitched to the student level 
3. Any good problem (i.e. real like) means you (the student) have to take on the role of the 
professional. Problems that must be written in the first person. Otherwise its just another 
exercise and ownership and motivation are lost 
4. The first paragraph of 'wool damage' should be used to stimulate discussion. 
5. Present the next lot of information after the discussion if you are sure it is necessary 
6. Students should not see learning objectives until end of final session of problem 
7. Students need to be briefed on the whole PBL process and be clearly aware of what is 
expected of them 
8. Similarly the facilitator (very difficult for a novice who is used to didactic teaching) 
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Evaluation Report of the PBL Pilot Study 
Period of Study: 23.04.02-30.05.02 
Total no. of sessions: 24 (12 sessions per topic) 
Subjects : 39 s.4 students 
Problem title: Wool Damage (Redox) 
Hydrogen Fuel (Electrolysis) 
Design and development of the Problem Based Learning units 
Two of the s.4 chemistry topics, ‘Redox’ and ‘Electrolysis, were chosen and developed 
into PBL units. Based on the learning objectives suggested by CDC, two ill-structured 
real-life problems were then designed. During the development stage, the chemistry 
teacher's idea were collected and considered. For example, some keywords used in the 
problem should be deleted, added or modified. Designed problems were evaluated by 
three experts, two expertises in PBL and one expertise in Chemistry curriculum. 
Suggestions given by the PBL experts included that the problem has to by written in the 
format of first person (Appendix 1). The chemistry curriculum expert's 
recommendations included that the package should include a detailed list of learning 
objectives (Appendix 2). Based on the experts' suggestions, the package was revised 
several times. The final version of the package includes student's handout and 
facilitator's handout. The facilitator's handout includes ‘Introduction of PBL', 
‘Calendar，，‘Learning Objectives' of each topic, the problem 'Wool Damage' and 
‘Hydrogen Fuel', 'Facilitator's Note' on each topic and 'Lesson Plan' of each topic. 
The student's handout includes the 'Introduction of PBL', 'Calendar', ‘Student's Note', 
'Lesson Plan' of each topic, the problem of each topic and pages of spaces for students 
to jog down the note and information. Each PBL problem was designed in five phases 
within 12 sessions of normal school period. The first phase was 'Meeting the problem', 
the second phase was 'Self-Learning', the third phase was 'Presentation', the forth 
phase was 'Self-learning' and the last phase was 'Presentation and conclusion'. 
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Before Implementation 
The chemistry teacher was trained how to be a PBL facilitator. He gained experience 
from the pilot study. He also gained knowledge from selected references and video 
references. Moreover, his role in each phase was explained clearly with a detail 
handout. 
The students were explained on what is PBL, the arrangement of the upcoming 
sessions, their roles and expectations, etc. They were also given a detailed handout. 
Moreover, students from both classes (PBL group and control group) were tested on a 
30-items MCQ. Questions focus on the topics Redox and Electrolysis. This set of data is 
pre-test data. 
Implementation o f the PBL units 
23.04.02 
The facilitator started the PBL unit by reminding the student's previous knowledge. 
Then the students' handouts were given to each student. Facilitator started to warm up 
the students with simple experiment demonstration. Students were then asked to read 
the problem ‘Wool Damage', identifying the keywords and unknown words. Group 
representatives wrote the keywords on the whiteboard and the whole class discussed the 
keywords with the facilitator. After all, students started to brainstorm upon the problem. 
Facilitator discuss with the students, group by group. Before the end of the session, 
many learning issues were generated by the students and four major learning areas were 
formed. 
26.04.02 
Facilitator started the session by asking students to select the learning area. Student 
were very active and chose the preferred learning area, such as 'oxidation bleaching', 
'reduction bleaching', 'bleaching chemicals' and 'conditions of bleaching'. Before the 
students started their self-learning periods, the facilitator emphasized once more the 
importance of the presentation and the format of the presentation. Moreover, the 
students were informed that there were 9 relevant materials prepared and put in the 
cabinet outside the laboratory and in the library. Since many rooms were reserved for 
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the students, some of them stayed in the classroom, some of them stayed in the 
laboratory, some of them stayed in the library and some of them work in the I.T. 
Laboratory Centre (ITLC). Facilitators visited students in different rooms and provided 
needed assistance. Students work hard on discussion with peers, search and read 
materials in library and ITLC. In addition, students were keen on asking questions, they 
asked facilitators questions during the self-study session and outside school time. Most 
of these activities were video-recorded for further data analysis purpose. 
02.05.02 and 03.05.02 
Presentation was done within 2 double sessions and which was supposed to be done 
within 1 double session. The time management has to be reviewed and rescheduled. All 
groups of students presented their ideas within their learning area (oxidation bleaching, 
reduction bleaching, condition of bleaching an bleaching chemicals) clearly and within 
the time limit. However, the question and answer section was always overrun. Students 
used different ways to present their ideas, such as powerpoint, transparencies, role-play, 
experiment demonstration, movie, etc. The presentation skill is generally good. During 
the question and answer section, studnets on the floor were very keen on asking 
questions and presenting group tried very hard to explain. Some of the unclear ideas 
lead to further learning issues. 
07.05.02 and 10.05.02 
Presentations were done similarly as 02.05.02 and 03.05.02. The learning areas are 
‘Definition of Redox, oxidation number and computation', ‘Half equation, balancing 
the redox equation', 'Oxidizing agent and reducing agent, with examples and 
explanations' and ‘Other Redox reaction and uses of Redox'. It was also overrun. 
The second PBL unit was done within 6 double sessions similarly as the first PBL unit. 
The presentation periods of the second PBL unit was also overrun. The students asked 
many questions after each presentation and extra time consumed. 
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Success of the pilot study 
• Keyword finding: Students acitvely discussed among their group and found all the 
keywords within short period of time (Appendix 3) 
• Brainstorming: Students discussed with peers and facilitators actively and generated 
many learning issues (Appendix 4) 
• Self-learning: Students worked very hard during the self-learning sessions and 
outside school. Students even phoned up facilitator for assistance. 
• Presentation: Students used different ways to present their information. Many of the 
presentations were impressive, in the means of the content and the presentation way. 
Some groups presented their ideas by means of role play, experiment demonstration, 
movie, etc. 
• Q& A: Students asked a lot of questions to the presenter and presenter tried very 
hard to answer all of them. Facilitator provided limited help to presenter, such as 
rephrase the question, make the question simpler, etc. Presenter sometimes asked 
the audience questions as to make the presentation and Q&A more interactive 
• Knowledge: All learning objectives designed were covered and the MC posttest 
results shown that the students learned better than the traditional class 
• Attitude: Positive comments collected by asking students 'what do you like about 
PBL' included, ‘interesting’，'challenging', ‘search and learn more information 
through various sources', 'better presentation skill,, 'better communication skill，， 
'more interactive discussion', ‘design my own experiment and improved practical 
skill', 'group working skill improved', 'less pressure', 'better thinking skill', 'better 
problem solving skill', 'learn how to criticize peers', ‘learn how to ask questions', 
‘less boring than traditional lesson,，'practice my oral english more and better', 
‘creative，，'better analytical skill', 'daily life problem scenario enhances students' 
learning interest', etc. 
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Suggestions for Improvement 
• Since the presentation sessions was always overrun, the schedule should be 
reviewed and revised 
• The time management during the presentation sessions should be aware and 
improved 
• Time allocated for self-study could be longer, it's not necessarily be arranged in 
school time 
• More time should be allocated for students to understand the information gained 
from presentation 
• Students should be reminded that they should make use of the student's handout to 
jog down all the important ideas presented by peers 
• Students should also be reminded that they should further study the presenter ideas 
• Student's handout could be printed on both sides as to save the paper 
• Wrap up session could be arranged as to summaries the learning objectives and 
explain unknown or unclear concept 
• Facilitator should challenge student's wrong idea, not correcting them and provide 
correct information 
• Students should not be told that PBL is a successful teaching/learning method and 
they should not worry if they learn less or they can not cope with the exam 
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Student，s PBL Package 'Spectacle Frame， 
Characteristics of Problem Based Learning (PBL) 
• NO didactic teaching, NO teacher, NO notes 
• Facilitator assists your learning 
• Work in small groups 
• Solve real life complex problem 
• Develop great responsibility for your own learning 
• Accumulate knowledge throughout PBL process 
• Think critically on what you need to learn 
• Self-directed learning opportunity 
• References searching, reading and analyzing 
• Organize and present learned material 
You should 
• Be more engaged, and show more participation in class 
• Be an active participant in order to contribute unique knowledge and ideas to the learning 
process 
• Learn to listen well. Let others speak without interrupting them 
• Develop effective communication skills 
• Learn from each other, share knowledge, expertise, and ability 
• Learn to consider time, resources and objectives and set priorities regarding the relative 
importance of each learning issue 
• Create your own summaries, on what you have learnt from the whole process. It is a good 
opportunity for you to organize your learned knowledge, hence you will remember them 
better and it also makes your future revision easier 
And you should NOT 
• Rely on the teacher/facilitator 
• Attend the PBL without any preparation 
• Keep silence and seldom voice out opinions 
• Privately discuss with peers but openly discuss in front of the group and facilitator 
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SPECTACLES FRAME 
O n e d a y you w e n t to an o p t i c a l shop w i t h you m o t h e r to 
b u y a n e w p a i r of s p e c t a c l e s . 
T h e o p t i c i a n a s k e d you to take off your s p e c t a c l e s a n d 
h a v e an e y e s i g h t c h e c k . W h e n you took off the s p e c t a c l e s , 
the o p t i c i a n was s h o c k e d and a s k e d , 'Is your s p e c t a c l e s 
f r a m e r u s t i n g ? ' You s a i d , 、I am not sure b u t the p a i n t 
c o a t i n g is f a l l i n g off and some r e d d i s h m a t e r i a l e x p o s e d . 
O h , I feel a b i t itchy t o o . ' The o p t i c i a n p o i n t e d at the 
r e d d i s h m a t e r i a l and said,、工 t h i n k it c o r r o d e s and y o u ' d 
b e t t e r not w e a r it a n y m o r e . ' 
A f t e r the e y e s i g h t c h e c k , you and your m o t h e r s t a r t e d 
to c h o o s e the s p e c t a c l e s f r a m e . There w e r e t h o u s a n d s of 
c h o i c e s . The o p t i c i a n a s k e d you if you do a lot of s p o r t 
and sweat a lot, you said y e s . Then the o p t i c i a n s a i d , 
^You'd b e t t e r choose a n o n - m e t a l l i c f r a m e . Or if you w a n t a 
m e t a l l i c f r a m e , y o u ' d b e t t e r c h o o s e s o m e t h i n g w i t h good 
s u r f a c e p r o t e c t i o n . 
How w o u l d you d e c i d e and w h a t w o u l d be your final 
d e c i s i o n ? 
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Problem Start (5 minutes) 
• Circle unknown words 
• Underline key words 
• List previous knowledge relevant to this problem 
• Making use of existing knowledge and propose a solution 
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Brainstorming questions (5 minutes) 
• List what you don't understand and want to know (learning issues) 
Learning issues (5 minutes) 
• Categorize learning issues into certain learning areas 
• Decide action plan 
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Self-learnim and Presentation yrevaration (20 minutes) 
• List of learning resources 
• Discussion area 
1 8 0 
A p p e n d i x 9 
Presentation (5 minutes) 0& A (5 minutes) 
• New knowledge gained from presentation 
• New knowledge gained from Q&A 
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Facilitator's PBL package “Spectacle Frame， 
In the current Hong Kong S.4-5 chemistry curriculum, students are expected to 
have a deep understanding of chemical concepts and to develop scientific problem 
solving skills. However many studies including the Third International Mathematics 
and Science Study and the Annual Reports published by the Hong Kong 
Examinations Authority (1999, 2000) have revealed that many Hong Kong 
secondary students did not learn chemistry content knowledge well. Other studies 
(e.g., Heyworth, 1998, 1999) noted that many Hong Kong secondary students were 
not able to apply their chemical knowledge to solve problems, especially problems 
set using unfamiliar situations. One of the probable reasons contributing to the 
students' learning difficulties would be the didactic teaching-learning method used 
by most chemistry teachers. 
Problem Based Learning (PBL) is a teaching-learning strategy, in which real-life 
and ill-structured problems are used to initiate students' motivations and interests of 
learning (Barell, 1995; Delisle, 1997; Woods, 1997). Problem Based Learning (PBL) 
has been proved to be an effective teaching-learning method that can improve 
students' understanding of knowledge (e.g., Stepien, Gallagher & Workman, 1993) 
and their problem solving skills (e.g., Ben-Chaim et al., 1997, 1998). Moreover, PBL 
promotes different benefits throughout its process (Barell, 1995; Delisle, 1997; Torp 
& Sage, 1998; Wood, 1997); it starts with an ill-structured real life problem, 
students' learning are more relevant to the real world, so their learning interests and 
motivations are stimulated. The students then have to brainstorm and discuss among 
their group as to define the problem and learning issues, so students' group learning 
skills and high order thinking skills are developed. Based on the defined learning 
issues, students have to search, select, self-learn and analyse information, and thus 
their self-learning skills improve. After all, students have to prepare presentations to 
share what they have learned with their peers, thus the students' communication 
skills and presentation skills are also promoted. 
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You have to lead task-oriented groups to achieve the learning objectives which 
pre-determined. You are responsible to facilitate students to identify the key issues of 
the problem and to learn them in appropriate breath and depth. Moreover, you must be 
active and directive during the learning process as to assure the groups stay on track. In 
short, you have to bring out the best in the group. 
You should: 
• Join the group as participant. Pay attention to each student's contribution 
• Challenge students' comments 
• Make sure all learning issues are identified 
• Keep all students involved 
• Make sure students discuss matters and not try to jump straight to the solution 
• Develop trust hence stimulate, encourage, create and maintain a warm, safe 
atmosphere in which students are willing to share experiences and ideas without fear 
of being ridiculed 
• Monitor progress as to ensure that the students are still on track and they understand 
where they are in the process 
And you should NOT: 
• Dominate the group with your opinion but rather facilitate the group dynamics 
• Be the group's expert resource who provides the facts or concrete answers to the 
questions 
• Give any lecture but understand clearly the difference between lecturing and 
coaching 
• Keep too silent which might lead to students' confusion. You should rather give 
assistance to students if the learning process is not productive 
• Respond to direct inquires if the students have not exhausted their own logic and 
that there are other profitable learning experience in suggesting an independent 
search. 
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r* session  
TIME (minutes) FACILITATOR'S ACTIVITY | STUDENTS, ACTIVITY OBJECTIVES “ 
0-10 Ask students to form groups (4 Chit-chat i 
Problem start groups and 5 students each 
group) and choose the group 
representative, time keeper and 
secretary 
Warm up students with the More chit-chat 
suggested 'warming-up 
questions ‘ 
Ask students to read the new Read the problem and tried 2 
problem to be stimulated by the real 
life problem context 
Explain unknown words Clarify meaning of 
unknown words 
Ask students to identify the Identify keywords 3 
keywords 
Ask students to list out their Remind previous 4 
knowledge which is relevant to knowledge which is 
this problem relevant to this problem 
Ask students to solve the Try to solve the problem 5 
problem with existing with existing knowledge 
knowledge  
10-20 Ask students to start discussion Discuss upon the problem 2 , 6 
Brainstorming upon the problem 
Ask students to jot down what List what they don ’t 7 
they don 't understand and want understand and want to 
to know know 
Involved in students' discussion Do not rely on facilitator's 1 
as a participant, NOT answer, since there won't 
TEACHER be any 
Ensure students ‘ discussion Focus discussion as to 
focus within the area of learning solve the problem 
issues 
Assist students to brainstorm by 
asking open-ended questions 
and challenging questions, such 
as the ones suggested 
(brainstorming questions)  
20-30 Ask group's representative tell Group's representative 1,7 
Learning issues and list what do they want to clearly present what do 
know, group by group his/her group want to know 
Ask students to categorize the Students analyst the listed 8 
'want to know， points into points and logically 
certain major area categorize them 
Assist students to convert the Convert the categories into 9 
categories into learning issues learning issues and then 
Assist student to prioritize the prioritize them 
learning issues 
Ask groups to choose their Decide their preferred 1 
preferred learning issues learning issues  
Work out their action plan 1 
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2nd • 
session 
Students should do the self-directed learning via different resources, such as 
textbooks, libraries (school and public), internet, etc. They should search the literature, 
self-study the literature, understand the literature, analyst the new knowledge and 
prepare a presentation. The purpose of the presentation is to share the new knowledge 
with peers. Presentation could be done in any preferred format, e.g. transparency with 
OHP, powerpoint, poster, etc. 
You should be available for assistant during this period of time. When students 
approach you for literature guidance, you should NOT give exact information at the first 
time but advise them how to search the information, such as providing the library and 
internet searching tips. If students still need further assistant, you could provide more 
literature details, such as the website address, names of the books, etc. After all, if 
students are really frustrated, you could provide students the exact literature copies 
You should also prepare the instrument for the students' presentation, such as 
transparencies, OHP, markers, computer, etc. 
3rd session  
TIME FACILITATOR'S STUDENTS' OBJECTIVES 
(minutes) ACTIVITY ACTIVITY  
0-40 Ask each group present their Present and share their 10 
Presentation new knowledge within 5 new knowledge 
and Q&A minutes 
Ask audience to ask Be proper audiences, 1 
questions after each listen and learn 
presentation and ask carefully 
presenter to answer Ask logic questions 
questions, each group，s 




Confirm with students if Decide if you 
they need to raise further understand the 
learning issues presentation or need 
further information 
Ask students to solve the Apply new knowledge 2,5 
problem with new and solve the problem  
knowledge  
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SPECTACLES FRAME 
T o w a r d s the end of the y e a r , your m o t h e r asked if you 
need to have a new pair of spectacles for the new y e a r . You 
t h o u g h t it is a good idea for both your e y e s i g h t and a new 
l o o k . You went to the optical shop with you m o t h e r . 
The o p t i c i a n asked you to take off your spectacles and 
h a v e an e y e s i g h t c h e c k . When you took off the s p e c t a c l e s , 
the o p t i c i a n was shocked and asked, 、工 s your s p e c t a c l e s 
frame rusting? ‘ You said, 、工 am not sure but the p a i n t 
coating is falling off and some reddish m a t e r i a l e x p o s e d . 
〇h,工 feel a bit itchy t o o . ‘ The optician p o i n t e d at the 
reddish m a t e r i a l and said, 、工 think it corrodes and you 
b e t t e r not wear it a n y m o r e . Let's have an eyesight check 
and decide what kind of a frame you would need for the 
coming d a y s " 
After the eyesight check, you and your mother started 
to choose the spectacles frame. There are thousands of 
c h o i c e s . The optician asked you if you do a lot of sport 
and sweat a lot, you said y e s . Then the optician said, ^You 
b e t t e r choose something non-metal frame. Or if you want the 
m e t a l frame, you better choose something with m e t a l p l a t i n g , 
such as silver. You better not choose the cheap p l a s t i c or 
paint coating o n e s . It is because if it corrodes again, it 
is another piece of rubbish. This is only my opinion 
suggested upon your rusting frame. 
How would you decide and what would be your final 
decision? 
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Suggested warming-up questions (facilitator could flexibly ask others as to warm up students) 
• Ask students if they wear spectacles or contact lenses 
• Ask students what are the materials of their spectacles frames 
• Ask students how do they choose their spectacles frames 
Keywords 
• Rusting • Corrode 
• Paint coating is falling off • Reddish material exposed 
• Sweat • Non-metal 
• Metal • Metal plating 
• Plastic coating • Paint coating 
• Rubbish • 
Suggested brainstorming questions/what students don't understand and want to know (These are 
expected to be raised by the students. Or serve as facilitator's questions guidelines) 
• What is rusting? 
• What is corrosion? 
• What do you know about corrosion? 
• What kind of material corrodes? 
• What is the difference if the paint does not fall off? 
• Do you agree the optician that the reddish material is the corrosion? 
• Must corrosion be reddish color? 
• Have you ever seen other color of corrosion? 
• What is the difference between different color of corrosion? 
• What sweat does with the corrosion? 
• Any other factor apart from sweat you have to concern? 
• What do you know about metal and non-metal? 
• What are metal plating, plastic coating and paint coating? 
• Any advantage or disadvantage of different method of coating has to be concerned? 
• Do you think the corroded metal means a piece of rubbish? 
• What do you concern when you buy a new pair of spectacles frame? 
• Do you agree the optician or what is your own idea? 
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Learning Issues 
• Causes/Chemistry of corrosion 
• Factors of influencing/speeding up corrosion 
• Prevention of rusting 
• Observation under corrosion 
• Good or bad of corrosion 
Suggested resources (facilitator could flexibly suggest others) 
• http://www.ars.usda.gov/is/kids/ 
• http://s-kuriikuru.jst.go.ip/room/07/rust/flash/index e.htm 
• http://librarv.thinkquest.org/JQO 1796/bshvpoth.htm 
Objectives 
After the programe, students should be able to: 
1. take up roles responsibilities 
2. learn in the context, tackle realistic problem 
3. point out keywords (keywords on p.2) 
4. relate previous knowledge with existing problem (like what we do in the real life) 
5. apply knowledge and suggest solutions to solve the problem (there may be more than one 
definite solution) 
6. discover what they do not understand and want to know (brainstorming questions on p.2) 
7. organise and list 'want to know' points 
8. categorise the 'want to know' points logically 
9. rewrite the categories of'want to know' points into learning issues (learning issues on p.2) 
10. tell and explain the self-learned new knowledge against the learning issues (learning issues 
on p.2) 
Rooms and Equipment 
• Library 
• ITLC 
• Blackboard and chalk or whiteboard and marker 
• Transparency and marker 
• OHP 
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Student's PBL Pakcage 
WOOL DAMAGE 
You work in a textile company as a t e c h n i c i a n and 
one of your duties is to prepare fabric s a m p l e s . One day, 
the senior chemist asked you to bleach a p i e c e of 
u n t r e a t e d w o o l . 
、、工 understand you haven't done this kind of 
b l e a c h i n g b e f o r e . But 工 am so busy that 工 cannot show 
you how to do it. You can look up the procedures from 
the m a n u a l in the laboratory. Read something related to 
two-step bleaching which involves both oxidation 
b l e a c h i n g and reduction b l e a c h i n g . Make sure you use the 
proper oxidizing agent and reducing agent. Show me the 
b l e a c h e d sample this afternoon please.“ 
You found the bleaching procedures and prepared a 
piece of bleached w o o l . However, the senior chemist 
rejected it because the wool sample was damaged. 
''Can you tell me what you have done in details?" 
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ist and session 
Problem Start (20minutes) 
List unknown words 
List key words 
List previous knowledge relevant to this problem 
Making use of previous knowledge and propose a solution 
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Brainstorming questions (40 minutes) 
List what you don't understand and want to know (learning issues) 
Learning issues (20 minutes) 
Categorize learning issues into certain learning areas Decide action plan 
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yd & 4th sessions 
Time spent on searching learning resources 
List of learning resources 
Time spent on self-study 
Time spent on discussion regarding the self-learning 
List of discussion areas 
Time spent on presentation preparation 
Type of presentation method 
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5 th o /:th • 
& 6 sessions 
Presentation by group  
New knowledge gained from presentation 
Questions raised after presentation 
New knowledge gained from Q&A 
Further learning issues 
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7th & 8th s e s s i o n s 
Time spent on searching learning resources 
List of learning resources 
Time spent on self-study 
Time spent on discussion regarding the self-learning 
List of discussion areas 
Time spent on presentation preparation 
Type of presentation method 
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9th & lOth sessions 
Presentation by group  
New knowledge gained from presentation 
Questions raised after presentation 
New knowledge gained from Q&A 
Further learning issues 
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Facilitator's PBL Package 
WOOL DAMAGE 
You w o r k in a textile company as a t e c h n i c i a n and 
one of your duties is to prepare fabric s a m p l e s . One d a y , 
the senior chemist asked you to bleach a p i e c e of 
u n t r e a t e d w o o l . 
、、工 u n d e r s t a n d you haven't done this kind of 
b l e a c h i n g b e f o r e . But 工 am so busy that 工 cannot show 
you how to do it. You can look up the procedures from 
the m a n u a l in the laboratory. Read something related to 
t w o - s t e p bleaching which involves both oxidation 
b l e a c h i n g and reduction b l e a c h i n g . Make sure you use the 
proper oxidizing agent and reducing agent. Show me the 
b l e a c h e d sample this afternoon please." 
You found the bleaching procedures and p r e p a r e d a 
piece of bleached w o o l . However, the senior chemist 
rejected it because the wool sample was d a m a g e d . 
''Can you tell me what you have done in details?" 
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LEARNING OBJECTIVES (REDOX) 
1. Explain definition of oxidation in terms of oxidation number 
2. Explain definition of reduction in terms of oxidation number 
3. Explain what is oxidizing agent in terms of gaining electrons 
4. Explain what is oxidizing agent in terms of decreasing oxidation number 
5. Explain what is oxidizing agent in terms of ionic half equation 
6. Give examples of common oxidizing agents 
7. Explain what is reducing agent in terms of losing electrons 
8. Explain what is reducing agent in terms of increasing oxidation number 
9. Explain what is reducing agent in terms of ionic half equations 
10. Give examples of common reducing agents 
11. Apply different rules to compute oxidation numbers of elements 
12. Compute oxidation numbers of same element but in different substances 
13. Balance redox equations by using ionic half equations 
14. Balance redox equations by oxidation numbers 
15. Illustrate other redox reactions such as redox reaction of nitric acid, of 
different concentraton as oxidizing agent to give NO and NO2 
Previous Knowledge: 
- Corrosion 
- Chemical Cells 
- Redox in terms of addition of oxygen/hydrogen 
- Redox in terms of loss of oxygen/hydrogen 
- Redox in terms of electrons gaining/losing 
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Relate with 
Z concept of � 
Explain Z gajn and loss \ 
what is Z of electrons \ 
oxidizing \ 
agent and \ 
give \ 
examples Relate with ^  
oxidation \ Explain what 
^ number is reducing 
/ ^ agent and 
Z / \ give 
Z examples 
/ / H o w \  
Z does ^ ^ / Balance 
/ oxidizing , ~ ^ ^ ^ Y redox 
/ \ agent / f what is \ / \ reaction 
V agent? / / / reducing I Compute 
^ ^ ^ / / \ agent / oxidation 
( Reducing \ 
Oxidizing \ agent 
� ~ I 隱 
DAMAGE damage 
(dalage? 
^ ~ / \ d a m a g e ? J 
^ Q Material) / 1 
^ ^ ^ ^ / 
/ ^ _ _ L 
(Oxidization � f Reduction \ / Explain 
V bleaching ) 人 bleaching J 乂 ( Chemistry \ definition of 
^ 乂 / f . reduction, relate 
^ r ^：： " ^；； ^ ^；；； ^ ^ ^ ^ ^ " ^ - " / ^ V ^ d u c t i o n y \ with oxidation 
\ / number 
1 
I of r Explain definition 
V oxidation / of oxidation, relate 
^ ^ with oxidation 
number 
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Facilitator's Note and Lesson Plan (REDOX) 
Using the "Wool damage" problem for the Redox PBL unit due to its real-
life, complex and ill-structured features. It is a real-life problem which usually 
happens in the textile chemistry industry. It is ill-structured because it requires 
students to investigate and explore resolution and there are more than one absolute 
answer. Moreover, bleaching is one of the common redox reactions that students 
have more insights. 
You have to lead task-oriented groups to achieve the learning objectives 
which pre-determined. You are responsible to facilitate students to identify the key 
issues of the problem and to learn them in appropriate breath and depth. Moreover, 
you must be active and directive during the learning process as to assure the groups 
stay on track. In short, you have to bring out the best in the group. 
During each PBL session, you play different role at different stages, 
Problem start 
• Reminds students relevant topics previously learned, such as rusting and simple 
chemical cell 
• Focuses students' discussion by introducing keywords as the followings 
Keywords: 
1. bleach 2. untreated wool 
3. procedures 4. two-steps bleaching 
5. oxidation bleaching 6. reduction bleaching 
7. oxidizing agent 8. reducing agent 
9. bleached wool 10. wool was damaged 
1 9 9 
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Brainstorming Questions 
• Ask open-ended questions as the followings, so as to help students to explore the 
richness of the problem situation and to help them to develop their critical 
thinking 
• Challenge students' thinking so as to nurture their deep learning 
• Encourage student-directed discussion and the development of both knowledge 
and critical thinking skill 
Learning Issues 
• Ask students to categorize and prioritize the raised learning issues (match with 
learning objectives) and provide necessarily assistance. For example, ask them to 
think and do again if they make mistake rather than telling them the correct 
categories and order 
Open-ended Questions/ Learning issues: 
1. What is oxidation bleaching? 
2. What is reduction bleaching? 
3. What is the difference between oxidation bleaching and reduction 
bleaching? 
4. What is oxidation? 
5. What is reduction? 
6. What is oxidizing agent? 
7. What is reducing agent? 
8. Would the oxidation process affect the wool damage? 
9. Would the reduction process affect the wool damage? 
10. Apart from bleaching, what other applications of oxidation? Any 
other example of oxidation? 
11. Apart from bleaching, what other applications of reduction? Any 
other example of reduction? 
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I't day (Session 1 & 2) Meet the problem 
TIME FACILITATOR'SEMBEDDED STUDENT'S EMBEDDED 
(minutes) ACTIVITY INSTRUCTION ACTIVITY ASSESSMENT 
0-20 Ask students to form Form your 
Problem start groups (4 groups preferred group 
and 5 students each and decide each 
group) and choose member's role 
the group 
representative, time 
keeper and secretary 
Warm up students Show laundry Join the discussion 
with the suggested chemicals, such and speak up your 
‘warming-up as laundry idea 
questions，，such as: powder, bleach 
Do you do laundry and fabric 
at home? How do softener 
you do it? (By hand? 
By machine?) What 
chemical products 





Give the handouts to Read the problem 
students and ask and tried to be 
them to read the stimulated by the 
problem real life problem 
context 
Explain unknown Clarify meaning of 
words unknown words 
Ask students to Identify keywords Assess if 
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Ask random students Ensure you 
to read the problem understand the 
in their own words problem and say it 
in your own words 
Ask students to Try to solve the Assess listed 
solve the problem problem with existing 
with existing existing knowledge knowledge and 
knowledge and put down the if students apply 
suggested solution them to suggest 
on the handout logic and 
reasonable 
solution 
21-60 Ask students to start Involved in Discuss the 
Brainstorming discussion based on students' problem 
the problem discussion as a Critically think 
participant, NOT about the open-






as oxidation and 
reduction by 
means of adding 
and losing 
oxygen, and 
losing and gaining 
electrons 
Ask students to jot Use "think aloud Assess if 
down what they method” and list students hit the 
don ’t understand what you don ’t learning issues 
and want to know understand and predetermined 
and convert them want to know and 
into learning issues convert them into 
learning issues 
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61-80 Ask group's Group's 
Learning issues representative tell representative 
and list their clearly present 
learning issues, learning issues 
group by group 
Ask students to Analyst the Assess if 
categorize learning learning issues and students able to 
issues into certain logically categorize categorize 
major areas and them learning issues 
assist students to into areas 
prioritize them 
Ask groups to Decide their Assess if 
choose their preferred learning students make a 
preferred learning areas and work out feasible, 
area their action plan efficient and 
effective action 
plan 
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Self-Learning 
• Relevant self-learning information should be well-prepared. For example, put relevant 
literature copies onto the chemistry resources cabinet and library shelf; install relevant 
software into the computer system; bookmark the relevant websites, etc (references 
listed on page 10) 
• Assist students when they are preparing their presentation. Suggest students various 
ways of presentation, such as demonstrating simple experiment 
day (Session 3 & 4) Self-learning 
During these two sessions, students should do their self-learning and presentation 
preparation. They are allowed to work free in library, ITLC, classroom and laboratory. You 
should be available for any assistance needed. 
Students should do self-learning on their chosen learning area via different resources, 
such as textbooks, library, internet, chemistry resources cabinet, etc. Useful and recommended 
literature copies are put on the chemistry resources cabinet and library shelf. Students should 
search and select the proper material, learn, understand and analyst the knowledge. 
After all, based on the new learned knowledge, students have to prepare a presentation. 
You should emphasize to the students the importance of preparing and doing such presentation. 
Since you will not teach any knowledge on this topic (REDOX), the presentation is the a very 
critical opportunity for students to learn the knowledge. Students have responsibility to prepare 
a neat and clear presentation as to share the new learned knowledge with peers. Presentation 
could be done in any preferred format, e.g. transparency with OHP, powerpoint, poster, 
demonstration, experiment, etc. 
During these two sessions, you should be available for any kind of assistance required 
by students. Students may have difficulty in searching and selecting proper learning material, 
you should provide assistance to students such as searching tips. Students may not understand 
the new knowledge, you should explain to them. Students may not know what content should 
be included in the presentation, you should asked them to imagine that they are the audiences 
instead of presenter and what kind of information they would expect to get. Students may not 
know how to prepare a good presentation, you should suggest them various presentation skills, 
such as preparing presentation handouts for the peers. 
Since most of the students are not familiar in self-learning and presentation, you should 
provide as much assistance to them as needed. But you should not teach students directly. For 
example, if students do not find proper learning material, you should advise them literature 
searching tips but not give them the exact book or notes. 
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Presentation 
• Encourage and lead students on the floor to raise appropriate questions 
3rd day (Session 5 & 6) Presentation 
TIME FACILITATOR'SEMBEDDED STUDENT'S EMBEDDED 
(minutes) ACTIVITY INSTRUCTION ACTIVITY ASSESSMENT 
0-80 Ask each group Present and share 
Presentation presents their new their new 
and Q&A knowledge within knowledge 
10 minutes 
Ask audiences to Encourage students Be proper Assess the 
ask questions after to ask questions. audiences, listen written new 
each presentation Challenge students and learn carefully. knowledge 
and ask presenter to if they understand Ask logic questions, gainedfrom 
answer questions, the new knowledge Learn further from presentation, 
each group ,s Q&A the answers questions raised, 
should be done provided further 
within 10 minutes knowledge from 
answers. Assess 




Confirm the further Check if they cover Decide the unclear 
learning issues the rest of concepts for further 
predetermined learning issues 
learning issues 
4th day (Session 7 & 8) Self-learning 
Students should perform self-study based on the further learning issues raised and 
prepare a new presentation. These two sessions work similarly as the & 5th sessions. 
Students should search, select, learn, understand and analyst new knowledge. Then they 
should prepare a new presentation. 
5th day (Session 9 & 10) Presentation and wrap-up 
These two sessions serve to round up the whole PBL unit. Students have to present 
the information for the rest of the learning issues. All unknown matter should be clarified. 
Lastly, students should propose final decided solution for the problem. 
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Student's PBL Package 
HYDROGEN FUEL 
R e c e n t l y you have applied the following post: 
1 11 I 
M 
卿 STUART HYDROGEN FUEL CO • 
LTD. 
we are a well-established hydrogen fuel company in 
Canada and recently set up our Asia-Pacific office in 
Hong Kong. We employ the technology of electrolysis of 
water to produce hydrogen fuel. We supply our products 
to different industries. In addition to hydrogen fuel, 
We also explore other applications of electrolysis. 
Applicant must have a good understanding of the 
chemistry of electrolysis. Training on our products and 
technology will be provided. Out-going personality and 
good sales techniques are required. 
Please send resume to us ASAP. 
Fax: 23456789 
Emai1 ： hvdrogenfue1©honqkonq.com 
Website: http://www.stuartenergy.com 
You have been invited to attend an interview. You will 
have 10 minutes to present yourself during interview. 
You are very keen on getting this job. What should you 
present in order to demonstrate that you have the 
necessary chemical knowledge and skills? 
2 0 7 
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ist and session 
Problem Start (20minutes) 
List unknown words 
List key words 
List previous knowledge relevant to this problem 
Making use of previous knowledge and propose a solution 
2 0 8 
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Brainstorming: questions (40 minutes) 
List what you don't understand and want to know (learning issues) 
Learning issues (20 minutes) 
Categorize learning issues into certain learning areas Decide action plan 
2 0 9 
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3rd & 4th sessions 
Time spent on searching learning resources 
List of learning resources 
Time spent on self-study 
Time spent on discussion regarding the self-learning 
List of discussion areas 
Time spent on presentation preparation 
Type of presentation method 
2 1 0 
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5th & 6th s e s s i o n s 
Presentation by group  
New knowledge gained from presentation 
Questions raised after presentation 
New knowledge gained from Q&A 
Further learning issues 
2 1 1 
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7th & 8th s e s s i o n s 
Time spent on searching learning resources 
List of learning resources 
Time spent on self-study 
Time spent on discussion regarding the self-learning 
List of discussion areas 
Time spent on presentation preparation 
Type of presentation method 
2 1 2 
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9th & lOth sessions 
Presentation by group  
New knowledge gained from presentation 
Questions raised after presentation 
New knowledge gained from Q&A 
Further learning issues 
2 1 3 
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Facilitator's PBL Package 
HYDROGEN FUEL 
R e c e n t l y you have applied the following post: 
卞 , I 
m\ 
J、义 STUART HYDROGEN FUEL CO • 
LTD. 
I运fibO-i.c这 烂运R.c&s 经Rti马-t.j-V.经-.-.LLT-g经Jitdy—!^-?-经ft烂d 
we are a well-established hydrogen fuel company in 
C a n a d a and r e c e n t l y s e t up o u r A s i a - P a c i f i c o f f i c e i n 
Hong Kong. We employ the technology of electrolysis of 
water to produce hydrogen fuel. we supply our products 
to different industries. In addition to hydrogen fuel, 
we also explore other applications of electrolysis. 
Applicant must have a good understanding of the 
chemistry of electrolysis. Training on our products and 
technology will be provided. Out-going personality and 
good sales techniques are required. 
Please send resume to us ASAP. 
Fax: 23456789 
Emai1 ： hvdroqenfue1®honqkonq.com 
Website: http://www.stuartenergy.com 
You have been invited to attend an interview. You will 
have 10 minutes to present yourself during interview. 
You are very keen on getting this job. What should you 
present in order to demonstrate that you have the 
necessary chemical knowledge and skills? 
2 1 4 
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LEARNING OBJECTIVES (ELECTROLYSIS) 
1. Explain the meaning of electrolysis, relate with different terms, such as 
electrolysis, electrolyte, electrolytic, electrolyse, etc. 
2. Explain the meaning of electrolysis, relate with different terms, such as anion, 
anode, cation, cathode, oxidation, reduction, etc. 
3. Explain electrolysis in terms of the ions present, reaction take place at the 
cathode and anode, overall change and probable products 
4. Compare and explain electrolysis of different compounds, such as dilute 
sulphuric acid, sodium chloride solution, copper (II) sulphate solution 
5. Explain the formation of the products in terms of preferential discharge of ions, 
by means of relative position of the ions in the electrochemical series 
6. Explain the formation of the products in terms of preferential discharge of ions, 
by means of nature of electrodes 
7. Explain the formation of the products in terms of preferential discharge of ions, 
by means of concentration of ions 
8. Write half equations for the formation of products at the electrodes 
9. Explain electroplating 
10. Explain electrolysis of brine 
Previous Knowledge: 
- Metal extraction 
- Electrochemical Series 
- Chemical cell 
- Redox 
- Half equation 
2 1 5 
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— 7 ： Write half 
ExP^m equations 
other ^  
examples of \ 
~ electrolysis \ 
Explain the : \ 
f Criteria \ electrolyte J Z ^ 
( needed for ^ ： ^ ^^^^^ \ Useful \ 
V electrolysis ^ - ^ ^ m ^ d i ^ 
^ ^ \ \ / ( Electrolysis Relate 
\ ( Electrolyte - \ \ / electrolysis 
\ A. Water J \ / ^ \ and its  
^ ^ ^ ^ \ / ^ ^ ^ industrial 
\ ^ ^ ^ ^ E l e c t r o l y s i s ^ 
\ V of water J 
C^^^^x \ ^ ^ 
^ ^ ^ ^ ^ \ 广 V introduction 乂 
^ ^ ^ ^ ^ / Possible \ ^ ^ ^ ^ 
^ ^ / questions 
广 Company \ encountered 
V background J \ during 
\ interview / 
JOB ^  
INTERVIEW ~ ( ^ P r e p a r a t i o n J ^ 
Relevant / 
documents J T ^ ^ ^ ^ ^ ^ ^ ^ /   
^ ^ ^ ^ ^ ^ / 
Leam how to ^ / [ fe t \ 
preparejob 广 C o m p a n y � / onda" 
interview ( location and ^ ~ ^ / ^ 
thoroughly t r a n s p o r t a t i o n y / 乂 — m 乂 
about the / 
job or / 
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Facilitator，s Note and Lesson Plan (Electrolysis) 
Using the "Hydrogen fuel" problem for the Electrolysis PBL unit due to its 
real-life, complex and ill-structured features. It is real-life since this is a real-existed 
hydrogen fuel company and it employs different levels of staffs from time to time. 
Students may apply it when they are graduated. It is complex and ill-structured since 
the recruitment advertisement does not include any specific questions that would be 
asked during the interview. Students have to think of any possible questions and 
prepare appropriate answers. 
You have to lead task-oriented groups to achieve the learning objectives 
which pre-determined. You are responsible to facilitate students to identify the key 
issues of the problem and to learn them in appropriate breath and depth. Moreover, 
you must be active and directive during the learning process as to assure the groups 
stay on track. In short, you have to bring out the best in the group. 
During each PBL session, facilitator plays different roles at different stages, 
Problem start 
• Reminds students relevant topics previously learned, such as redox and chemical 
cell 
• Focuses students' discussion by introducing keywords as the followings 
Keywords: 
I. Technical sales representative 2. Hydrogen fuel 
3. Electrolysis of water 4. Produce hydrogen 
5. Supply to different industries 6. Other applications of electrolysis 
7. Good understanding 8. Chemistry of electrolysis 
9. Training 10. Out-going personality 
II . Good sales technique 12. Resume 
13. Interview 14. 10 minutes present yourself 
15. Necessarily chemical knowledge 16. Skills 
2 1 7 
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Brainstorming Questions 
• Ask open-ended questions as the followings, so as to help students to explore the 
richness of the problem situation and to help them to develop their critical 
thinking 
• Challenge students' thinking so as to nurture their deep learning 
• Encourage student-directed discussion and the development of both knowledge 
and critical thinking skill 
Learning Issues 
• Ask students to categorize and prioritize the raised learning issues (match with 
learning objectives) and provide necessarily assistance. For example, ask them to 
think and do again if they make mistake rather than telling them the correct 
categories and order 
Learning issues: 
1. What should I prepare for an interview? 
2. What kind of knowledge I should possess during the interview? 
3. What is electrolysis? 
4. What is electrolysis of water? 
5. How does electrolysis of water produce hydrogen? 
6. Any other electrolysis example I should know about as to show that I have 
adequate chemistry knowledge? 
7. Any other electrolysis applications I should be aware of? 
8. Any other electrolysis produces hydrogen? If so, why using water as 
electrolyte but not others? 
2 1 8 
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ist day (Session 1-2) - Meet the problem 
TIME FACILITATOR'S EMBEDDED STUDENT'S E M B E D D E D ^ 
(minutes) ACTIVITY INSTRUCTION ACTIVITY ASSESSMENT 
0-20 Ask students to Form your 
Problem start form groups (4 preferred 
groups and 5 group and 
students each decide each 
group) and choose member's role 
the group 
representative, 
time keeper and 
secretary 
Warm up students Show recruitment Join the 
with the questions，， newspaper, discussion 
such as: Have you application letter and speak up 
ever apply any and resume your idea 
job? How would 
you prepare for an 
interview? How 
would you 'sell ‘ 
yourself during 
interview? 
Give the handouts Read the 
to students and ask problem and 
them to read the tried to be 
problem stimulated by 
the real life 
problem 
context 
Explain unknown Clarify 
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Ask students to Identify Assess if 
identify keywords keywords students hit the 
keywords 
predetermined 
Ask random Ensure you 
students to read the understand 
problem in their the problem 
own words and say it in 
your own 
words 
Ask students to Try to solve Assess listed 
solve the problem the problem existing 
with existing with existing knowledge and 
knowledge knowledge if students apply 
and put down them to suggest 
the suggested logic and 
solution on reasonable 
the handout solution 
21-60 Ask students to Involved in Discuss the 
Brainstorming start discussion students' problem. 
based on the discussion as a Critically 
problem participant, NOT think about 
TEACHER. Ask the open-
students open- ended 
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Ask students to jot Use “think Assess if 
down what they aloud students hit the 
don't understand method" and learning issues 
and want to know list what you pre-determined 
and convert them don ’t 
into learning issues understand 





61-80 Ask group's Group's 
Learning representative tell representative 
issues and list their clearly present 
learning issues, learning 
group by group issues 
Ask students to Analyst the Assess if 
categorize learning learning students able to 
issues into certain issues and categorize 
major areas and logically learning issues 
assist students to categorize into areas 
prioritize them them 
Ask groups to Decide their Assess if 
choose their preferred students make a 
preferred learning learning areas feasible, 
area and work out efficient and 





• Relevant self-learning information should be well-prepared. For example, put relevant 
literature onto the chemistry resources cabinet and library shelf; install relevant software 
into the computer system; bookmark the relevant website, etc (references listed on page 
10) 
• Assist students when they are preparing their presentation. Suggest students various 
ways of presentation, such as demonstrating simple experiment and role play 
day (Session 3-4) - Self-learning 
During these two sessions, students should do their self-learning and presentation 
preparation. They are allowed to work free in library, ITLC, classroom and laboratory. You 
should be available for any assistance needed. 
Students should do self-learning on their chosen learning area via different resources, 
such as textbooks, library, internet, chemistry resources cabinet, etc. Useful and recommended 
literature copies are put on the chemistry resources cabinet and library shelf. Students should 
search and select the proper material, learn, understand and analyst the knowledge. 
After all, based on the new learned knowledge, students have to prepare a presentation. 
You should emphasize to the students the importance of preparing and doing such presentation. 
Since you will not teach any knowledge on this topic (ELECTROLYSIS), the presentation is 
the a very critical opportunity for students to learn the knowledge. Students have responsibility 
to prepare a neat and clear presentation as to share the new learned knowledge with peers. 
Presentation could be done in any preferred format, e.g. transparency with OHP, powerpoint, 
poster, demonstration, experiment, etc. 
During these two sessions, you should be available for any kind of assistance required 
by students. Students may have difficulty in searching and selecting proper learning material, 
you should provide assistance to students such as searching tips. Students may not understand 
the new knowledge, you should explain to them. Students may not know what content should 
be included in the presentation, you should asked them to imagine that they are the audiences 
instead of presenter and what kind of information they would expect to get. Students may not 
know how to prepare a good presentation, you should suggest them various presentation skills, 
such as preparing presentation handouts for the peers. 
Since most of the students are not familiar in self-learning and presentation, you should 
provide as much assistance to them as needed. But you should not teach students directly. For 
example, if students do not find proper learning material, you should advise them literature 
searching tips but not give them the exact book or notes. 
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Presentation 
• Encourage and lead students on the floor to raise appropriate questions 
3rd day (Session 5-6) - Presentation 
TIME F A C I L I T A T O R ' S E M B E D D E D S T U D E N T ' S E M B E D D E D 
(minutes) ACTIVITY INSTRUCTION ACTIVITY ASSESSMENT 
0-80 Ask each group Present and 
Presentation presents their new share their new 
and Q&A knowledge within knowledge 
10 minutes 
Ask audiences to ask Encourage Be proper Assess the written 
questions after each students to ask audiences, new knowledge 
presentation and ask questions. listen and gainedfrom 
presenter to answer Challenge learn carefully, presentation, 
questions, each students if they Ask logic questions raised, 
group 5 Q&A should understand the questions. further knowledge 
be done within 10 new knowledge Learn further from answers, 
minutes from the Assess if these hit 
answers the learning 
provided objectives 
predetermined 
Confirm the further Check if they Decide the 
learning issues cover the rest of unclear 
predetermined concepts for 
learning issues further 
learning issues 
4th day (Session 7-8) - Self-learning 
If there is any further learning issues raised from the presentation, students should 
perform self-study for such and prepare another presentation. These two sessions work 
similarly as the & 5th sessions. Students should search, select, learn, understand and analyst 
new knowledge. Then they should prepare another presentation. 
5th day (Session 9-10) - Presentation and wrap-up 
These two sessions serve to round up the whole PBL unit. Students have to present the 
information for the rest of the learning issues. All unknown matter should be clarified. Lastly, 
students should propose final decided solution for the problem. 
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Multiple Choice Questions 
1. Which of the following equations represents a reduction? 
A. H+(aq) + OH"(aq) — H20(l) 
B. C u ( s卜 Cu2+(aq) + 2e-
C. Cu2+(aq) + 2e 4 Cu(s) 
D. C(s) + 02 ( g ) ^ C 0 2 (g) 
2. Which of the following changes represents an oxidation reaction? 
A. Cr203 —Cr3+ 
B. Cr04^" Cr207^' 
C. Cr^^^ Cr04^" 
D . 0 2 0 7 2 — 0 0 4 2 
3. In which of the following experiments will a redox reaction occur? 
A. Adding copper turning to iron(II) nitrate solution 
B. Adding bromine water to potassium chloride solution 
C. Adding iron filings to silver nitrate solution 
D. Adding sodium chloride solution to silver nitrate solution 
4. Which of the following is a redox reaction? 
A. C02(g) + Ca(OH)2 (aq) — CaC03(s) + HsO® 
B. 2AgN03 (aq) — 2Ag(s) + 2NO2 (g) + O2 (g) 
C. NasCOs (aq) + 2HCl(aq) 2NaCl(aq) + CO2 (g) + HsO® 
D. HNO3 (aq) + KOH(aq) KNO3 (aq) + H20(l) 
2 2 5 
A p p e n d i x 1 0 
5. 2M3++ 3N 2M + 3N2+ 
3Q2+ + 2M — 2M3+ + 3Q 
N2+ + P 一 N + p2+ 
With reference to the above equations, arrange the metals in descending order of 
their activities as a reducing agent 
A. P > N > M > Q 
B. Q > M > N > P 
C. M > N > P > Q 
D. N > P > Q > M 
6. Sulphur dioxide acts as an oxidizing agent in which of the following reactions? 
A. SO2 + 2Mg 2MgO + S 
B. SO2 + 2K0H —K2SO3 + H2O 
C. SO2 + CI2 + 2H2O — H2SO4 + 2HC1 
D. 5SO2 + 2KMn04 + 2H2O —K2SO4 + 2MnS04 + 2H2SO4 
7. In which of the following reactions does the underlined substance act as a reducing 
agent? 
A. SO7 + 2H2S 4 3S + 2H2O 
B. Pb£N03h + H2SO4 — PbS04 + 2HNO3 
C. 2HC1 + MgO — MgCl2 + H2O 
D. 2KBr + CI2 - > 2 K C I + Br2 
8. The action of dilute nitric acid on copper is represented by the following reaction: 
aCu(s) + bHNOsCaq) — cCu(N03)2(aq) + 恥0(1) + eNO(g) 
The values of a, b, c, d and e in a balanced equation are 
a b c d e 
A. 1 4 1 2 2 
B. 3 8 3 4 2 
C. 3 4 3 2 2 
D. 1 3 1 2 2 
2 2 6 
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11. Which of the following compounds is expected to be the best reducing agent? 
A. NaiSOs 
B . N a 2 S 0 4 
C. NaiSiOs 
D. Na2S208 
12. The atomic number of an element is 8. This element tends to form compound with 
an oxidation number of 
A. 0 
B. - 2 
C. +2 
D. +1 
2 2 7 
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13. In which of the following reactions does the oxidation number of nitrogen show the 
greatest increase? 
A. 2NH3 + 3CuO 4 N2 + 3Cu + 3H2O 
B. 2 N 0 + 0 2 - ^ 2NO2 
C . 4 N O 2 + O 2 + 2 H 2 O — 4 H N O 3 
D. 2NO3- + Cu + 4H+ —Cu2+ + 2NO2 + 2H2O 
14. Which of the following conversions involves the smallest change in oxidation 
number of the underlined element? 
A . e ( s ) 一 e o 2 ( g ) 
B. 
C . SOs^ (aq) 一 S04^ (aq) 
D. MnO '^(aq) Mn^Vq) 
15. Which of the following combination is correct? 
Sulphur dioxide bleach Chlorine bleach 
A. The active ingredient is S04 '^(aq) The active ingredient is OCr(aq) 
B. It bleaches by oxidation It bleaches by reduction 
C. Its bleaching action is faster Its bleaching action is slower 
D. Its bleaching effect is temporary Its bleaching effect is relatively long-
lasting 
16. The products of the electrolysis of a dilute calcium iodide solution are 
A. Calcium and iodine 
B. Hydrogen and iodine 
C. Calcium and oxygen 
D. Hydrogen and oxygen 
2 2 8 
A p p e n d i x 1 0 
17. In the electrolysis of 2M copper (II) chloride solution using copper electrodes, what 
would happen to the cathode and anode? 
Cathode Anode 
A. Copper is deposited Chlorine is given off 
B. Copper is dissolved Copper is deposited 
C. Copper is deposited Copper is dissolved 
D. Hydrogen is given off Chlorine is given off 
18. In the electrolysis of cold concentrated sodium chloride solution with graphite 
electrodes, the products at the electrodes and the changes in the electrolyte are 
Cathode Anode Changes in the electrolyte 
A. H2 CI2 Becomes alkaline 
B. H2 O2 No change 
C. Na CI2 No change 
D. Na O2 Becomes alkaline 
19. Which of the following correctly represents the changes in the concentration of 
sodium ions and chloride ions and the pH of the solution when concentrated brine is 
electrolysed with graphite electrodes? 
Concentration of sodium ion Concentration of chloride ion pH 
A. Decreases Unchanged Decreases 
B. Decreases Decreases Unchanged 
C. Unchanged Decreases Increases 
D. Unchanged Unchanged Unchanged 
2 2 9 
A p p e n d i x 1 0 
20. When a solution of magnesium sulphate solution of known concentration is 
electrolysed using platinum electrodes, 
Amount of magnesium ions Concentration of sulphate ions pH 
A. Decreases Increases Unchanged 
B. Unchanged Increases Unchanged 
C. Decreases Decreases Decreases 
D. Unchanged Unchanged Increases 
21. Which of the following solutions, when electrolysed using graphite electrodes, gives 
the same product as in the electrolysis of dilute sulphuric acid? 
A. Dilute sodium hydroxide solution 
B. Concentrated sodium chloride solution 
C. Concentrated hydrochloric acid 
D. Silver nitrate solution 
22. If O.IM aqueous solution of the following substances were electrolysed using 
graphite electrodes, which would give hydrogen at the cathode and oxygen at the 
anode? 
A. Copper(II) sulphate 
B. Sodium hydroxide 
C. Potassium iodide 
D. Silver nitrate 
23. When a metal is being electroplated onto a cathode, the rate at which the metal is 





2 3 0 
A p p e n d i x 1 0 
24. Which of the following pairs of metals would be expected to give the largest voltage 
when they are used as electrodes in a simple chemical cell using potassium nitrate 
solution as the electrolyte? 
A. Zn and Pb 
B. Mg and Ag 
C. Pb and Cu 
D. Fe and Mg 
25. When a substance X is electrolysted using platinum electrodes, a gas is collected at 
each electrode. X may be 
A. Silver nitrate solution 
B. Potassium chloride solution 
C. Molten sodium chloride 
D. Molten copper(II) chloride 
26. During the electrolysis of copper(II) sulphate solution using copper electrodes, 
A. The blue colour of the solution slowly disappears. 
B. The concentration of sulphate ions remains unchanged. 
C. Copper passes into the electrolyte from the cathode. 
D. The mass of the cathode remains unchanged. 
2 3 1 
A p p e n d i x 1 0 
Questions 27 to 30 concern the following chemical changes in which particles gain or 
lose electrons. 
A. x2+ + 2 e - 4 X 
B. X+ + e - 4 X 
C. X - > X2+ + 2e-
D. 2X- ^ X2 + 2e" 
Select from A to D which best represents the following changes 
27. Bromide ions are discharged during the electrolysis of molten lead(II) bromide 
D 
28. Copper is liberated by the electrolysis of copper(II) sulphate solution 
A 
29. Silver is formed at the negative electrode during the electrolysis of silver nitrate 
solution 
B 
30. Magnesium is added to copper(II) sulphate solution 
C 
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